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ABSTRACT

A study of the ecology and life history of the white
tailed jack rabbit (Lepus townsendii campanius Hollister,
1915) was conducted in North Dakota between April, 1964
and December, 1965.

The objectives of this study included

investigations of sex and age characteristics, reproduction,
growth and development, movement and habitat utilization,
and population structure.

Growth and development,

repro

duction, and population characteristics were determined by
autopsy of 836 jack rabbits collected in 21 consecutive
months throughout North Dakota.

Ear tagging and radio

telemetry techniques were utilized to determine movement and
home range.
A definite breeding cycle in males was demonstrated by
the seasonal fluctuation in testicular and epididvmal weights.
Sperm production peaked in March and declined rapidly in late
July.

The breeding season was observed to be 148 days in

length, and was synchronous.
were observed each year.

Four distinct breeding periods

Females produced an average of 3.29

litters, for an average of 14.6 young per season.

Pre-implant

ation loss and resorption were found to account for over
20 per cent of ova shed.

The loss of entire litters was

estimated to represent an additional seven per cent prenatal
loss.

XX

A definite sexual dimorphism was observed, with females
being significantly larger than males in every respect
except ear length.

Three distinct age classes were distin

guished on the basis of epiphyseal closure of the humerus.
Age Class I individuals became Age Class II at approximately
six or seven months, and Age Class II became Age Class III
at 13 to 14 months.

Developmental and age characteristics

were estimated up to 48 months by comparing the dry weight
of the lenses with epiphyseal closure, weight, and body
measurements.
Investigation of the movements of jack rabbits indicated
that adults may move over an area of one section or more.
Observations on one juvenile male indicated a home range of
25.6 acres.

Jack rabbits apparently move distances of at

least four miles into concentration areas during the late
fall or winter.
The population contained a significantly greater pro
portion of females than males, with females being predominant
in all age classes.

The age structure of the population

was observed to be approximately 65 per cent juvenile.

The

estimated life span and turnover rate for the population
were 1.55 and 3.4 years, respectively.

Juvenile mortality

prior to the severe winter period was estimated to be as high
as 75 per cent.

A modified life table was devised to indicate

the probabilities of animals living long enough to attain a
certain lens weight rather than a certain age.
x

The mortality

rate was highest for animals in the 222.5 mg lens weight
range.

xi

INTRODUCTION

The white-tailed jack rabbit, Lepus townsendii campanius
Hollister, 1915, is distributed over the plains and prairie
regions from northern New Mexico to central Saskatchewan and
from Iowa, to the Continental Divide.
eastern limit of this species

In Minnesota, the

appears to be within the

deciduous forest-grassland ecotone.

It occurs locally on

open prairie areas in southwestern Wisconsin, and marginal
records have been reported in northwestern Illinois by Hoffmeister and Grebner (1948).

Kline (1963) indicated that,

with exception of a few southeastern counties, the white-tailed
jack rabbit is found throughout Iowa, but is relatively rare.
Carter (1939) and Brown (1940) reported the restriction to
a few northwestern Kansas counties, and that populations have
declined since 1860.

Burnett (1925) and Burnett and McCampbell

(1926) ovserved it on the plains of eastern Colorado and in
open areas in mountain districts, at elevations up to
10,000 feet.

It is a common inhabitant of eastern Wyoming

and Montana, South Dakota, and most of Nebraska (Hall and
Kelson, 1959).

In North Dakota, the white-tailed jack rabbit

occurs throughout the state, with the exception of the for
ested portions of the Turtle Mountains (Bailey, 1926) .
Irregardless of its prevalence throughout the northern
prairies of North America, the white-tailed jack rabbit
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has received very little attention, and there is a paucity
of information concerning its ecology and life history.
Existing literature deals primarily with isolated observ
ations of populations and frequently perpetuates opinions
derived from the limited data of early workers such as
Palmer (1897), Nelson and Merriam (1909), Bailey (1926),
and Seton (1929).

Recent studies by Kline (1963) in Iowa,

and Bear and Hansen (1966) in Colorado, have been concerned
with various aspects of the ecology of this species.

However,

these investigations were not of an extensive nature, and
their findings may not be applicable to populations on the
northern prairies.
Considering the available information and the nonexistence
of extensive studies concerned with the white-tailed jack
rabbit in the northern portion of its range, this study was
conducted in North Dakota between April, 1964 and December,
1965.

The objectives of this investigation were to examine

the following aspects of the ecology and life history of the
white-tailed jack rabbit in North Dakota.
a.

Characteristics of sex and age.

b.

Reproductive characteristics; including intra
uterine loss, embryonic development, peak of breed
ing activity, litter size, and annual litter
production.

c.

Development and rate of growth.

d.

Habitat utilization, movement, home range, and
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behavior.
e.

Population levels and structure.

L I T E R A T U R E REVI E W

Historical background
The white-tailed jack rabbit apparently was not common
in eastern North Dakota during the early history of the
state.

Seton (1929) related that, "Alexander Henry in his

records of animals of the Red River Valley from 1799-1814
recorded it only once for North Dakota (October 21, 1804)
near the junction of the Pembina and Red Rivers.

Kennicott,

the naturalist who searched the Red River Valley for small
mammals about 1856, did not meet with it."
Roosevelt (1885) wrote of the jack rabbit in southwestern
North Dakota: "this is a characteristic animal of the plains;
quite as much so as the antelope or prairie dog.

It is not

very abundant, but is found everywhere over the open ground,
both on the prairie or those river bottoms which are not
wooded, and in the more open valleys and along the gentle
slopes of the Badlands."

Bailey (1926) reported that the

white-tailed jack rabbit was distributed throughout the state
and was as common in 1912 as when he first crossed the state
in 1887.

Bailey wrote: "generally they are not numerous,

and only occasionally is one seen to spring from its grassy
form and go bounding over the wide expanse. . . . Some years
they become more numerous than others, but never multiply
into the great numbers of the southern black-tailed jack rabbit
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They hold their own well as the country settles up and are
as much at home in the grainfields as on the prairie."
During years when jack rabbits have been exceedingly
numerous, large rabbit hunts or "drives" have been organized
Bailey (1926) described a photograph sent to him by Lewis
Crawford showing: "7,750 of these great white hares in one
pile at New England, North Dakota killed in December, 1924..
They were hunted with guns, dogs, and automobiles over an
area of 20 to 30 miles square, both in the daytime and by
the light of the moon."
The Adams County Record of February 17, 1927 carried
an item concerning a jack rabbit drive in the Hettinger,
North Dakota area.

It read: "The rabbit drive held last

Saturday was the most successful one held to date with 20
sections of land covered in the drive.
were killed."

568 jack rabbits

According to Hibbard (1956), i,000 jack rabbi

were reputedly killed in another big drive in the late
1920's or early 1930's.
Hibbard (1956) reporting on rabbit drives conducted
throughout North Dakota from 1934 to 1956, noted that a
rabbit drive near Wilton in Burleigh County in 1934-1935
resulted in the killing of an average of 118.8 rabbits per
section.

Among the most successful drives in recent years

were a 1952-1953 Dickey County drive, in which 132 jack
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rabbits were killed on a quarter section of land containing
a shelter belt, and a Richland County drive in 1955-1956,
where six sections produced 93 rabbits.
Jack rabbit censuses, initiated by the North Dakota
Game and Fish Department, indicate a general decline in the
population levels since 1955 (Grondahl, 1966).

These data

are substantiated by the lack of large scale rabbit drives
in recent years and by declining fur harvests (Adams, 1963).
According to Hibbard (1956), the highest recent jack
rabbit populations in North Dakota are generally found west
of the Missouri River and in the extreme southeastern coun
ties, with intermediate populations occurring on the central
drift prairie.

Low populations are generally associated with

the highly agricultural Red River Valley and the Coteau du
Missouri or "Missouri hills," a rolling series of hills east
of the Missouri River, which transect the state from the
southeast to northwest.
Reproduction
Jack rabbits generally are considered to be polygamous.
Haskell and Reynolds (1947) reported that breeding in the
black-tailed jack rabbit (L. californicus) was promiscuous
at all times and females accepted the first interested male
available.

The preliminary courtship or "nuptial chase" is

an attribute common to many leporids.

Similar behavior
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patterns have been described for the European wild rabbit
(Qryctolagus cuniculus) by Thompson and Worden (1956), the
Eastern cottontail rabbit (Sylvilagus floridanus) and the
swamp rabbit (S_. aquaticus) by Marsden and Holler (1964) , the
black-tailed jack rabbit by Haskell and Reynolds (1947) and
Tiemeier (1965), and the white-tailed jack rabbit by Adams
(1961) and Kline (1963).
The black-tailed jack rabbit has been observed to be
an active breeder throughout its adult life (Haskell and
Reynolds, 1947).

Females born early in any season, although

maturing before the end of the breeding season, do not
produce young until the following year (Haskell and Reynolds,
1947; Lechleitner, 1959).

Kline (1963) found no evidence

of juvenile breeding in the white-tailed jack rabbit in Iowa.
The seasonal development and regression of the repro
ductive systems in rabbits has demonstrated the existence
of a definite breeding cycle.

The weight and volume of the

testes have been shown to vary seasonally in the Eastern
cottontail rabbit (Lord, 1963), the black-tailed jack rabbit
(Lechleitner, 1959; Tiemeier, 1965), and the white-tailed
jack rabbit (Bear and Hansen, 1966).

The reproductive

system of the adult male white-tailed jack rabbit apparently
reaches its maximum size and development in May and begins to
regress by July (Bear and Hansen, 1966).
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The relative number of sperm .in the epididymis has
been used by Plenert (1962) and Tiemeier (1965) as a crit
erion for determining the breeding capability of the black
tailed jack rabbit.

The observed active spermatogenesis

occurred from December until late August in Kansas jack
rabbits.

Schwartz (1942) and Lechleitner (1959) reported

that the abdominal or scrotal condition of the testes is
not a valid differential for determining breeding condition,
since rabbits are able to retract the testes at will.
The size and appearance of the adult female reproductive
system apparently undergoes a similar seasonal cycle of
activity.

Lechleitner (1959) and Bear and Hansen (1966)

were able to follow seasonal fluctuations in ovarian act
ivity by using the product of its length and width as an
index of activity.

This index was used since the enlargement

of ovaries is primarily due to the development of corpora
lutea (Lechleitner, 1959).

Changes in uterine size and

appearance have been quantified by Bear and Hansen (1966)
using uterine width as a criterion.

Lechleitner (1959)

found that linear striations remain on the uterus after part
urition, and that these can be used to separate non-parous
from parous animals.
According to Bookhout (1965) the female varying hare
(L- americanus) becomes sexually active at least six weeks
later than males.

A similar observation has been made in
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cottontail rabbits by Hamilton (1940).

Bear and Hansen (1966)

have demonstrated this phenomenon in the white-tailed jack
rabbit in Colorado.
While the gestation period of the white-tailed jack
rabbit is presently unknown, it has been established for many
other hares.

The gestation period of the European hare

(L. europeaus) has been determined to average 42 days (Rey
nolds and Stinson, 1959) . Haskell and Reynolds (1947) found
the gestation period of the black-tailed jack rabbit to range
from 41 to 47 days, with an average of 43 days.

Severaid

(1945) and Dodds (1965) have determined the gestation period
of the varying hare to be 37 and 36.6 days respectively.
In a study of prenatal development in the varying hare,
Bookhout (1964) was able to trace embryonic development
throughout the gestation period.

He developed a set of morph-

ologi al criteria by which conception and parturition dates
could be estimated from embryos of wild females.

Using these

criteria, Bookhout (1965) found well-defined conception and
parturition peaks in a wild Michigan population.
interval separating these peaks throughout

The mean

the breeding

season was approximately 37 days, the period of gestation
for the varying hare.

These data indicate that varying

hares undergo a post-partum heat.

This has been demonstrated

in the black-tailed jack rabbit by Lechleitner (1959).
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The length of the breeding season in hares appears to
vary among species and regions

the country.

Vorhies and

Taylor (1933) collected pregnant female black-tailed and
antelope jack rabbits (L. alleni) during 10 months of the
year (December to September) in Arizona.
young were also taken in October.

Females suckling

Therefore there was only

one month of the year when all indications of breeding
were absent.
Lechleitner (1959) and Tiemeier (1965) have reported the
breeding season of the black-tailed jack rabbit to be 240242 days in California and Kansas.

French/ et_ ad., (1965)

have found the breeding season of the black-tailed jack
rabbit in Idaho to average 1.28 days.
The length of the breeding season for the white-tailed
jack rabbit has been estimated on the basis of field obser
vations only.

In Colorado the breeding season appears to last

from March to August (Burnett and McCampbell, 1926; Bear and
Hansen, 1966).

The breeding season, in Iowa, appears to

extend from February through July (Kline, 1963).
There is considerable disagreement on the number of
litters produced annually by the white-tailed jack rabbit.
According to Bailey (1926), Seton (1929), and Bear and Hansen
(1966), the white-tailed jack rabbit has but one litter per
year.

Burnett and McCampbell (1926) have indicated, however,

that this species has at least three litters and possibly more
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during a season in Colorado.

Charles (1963) has suggested

that it may have three litters a year in South Dakota.
Observations of nuptial chasing may be of use in deter
mining the number of littering periods.

Kline (1963) found

nuptial chasing to fall into distinct peaks of activity.
During most years, peaks occurred late in February or early
March, mid-April, the last half of May, and occasionally
in July.

On the basis of these observations, he estimated

the white-tailed jack rabbit to have 2-4 litters each season.
It has been demonstrated that many other hares normally
produce more than one litter per season.

The varying hare

in Michigan produces an average of 2.42 litters per season
(Bcokhout, 1965).

Reynolds and Stinson (1959) have reported

three and possibly four litters per season in European hares
in Ontario.

Haskell and Reynolds (1947) found the California

black-tailed jack rabbit to produce an average of four litters
per year.

However, they have observed as many as six litters

per year in captive animals,

Tiemeier (1965) reported an

average of 4.7 litters per season in the black-tailed jack
rabbit in Kansas, which is slightly higher than the 4.2
litters per season in California (Lechleitner, 1959).
The litter size of the white-tailed jack rabbit is
commonly given as from three to six, with an average of four
young per litter (Bailey, 1926; Seton, 1929; Charles, 1963).
Burnett and McCampbell (1926) reported the litter size of
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this species to range from one to seven with an average of
4.1.

Kline (1963) found litter size to range from one to

five with a mean of 3.6.

Bear and Hansen (1966) observed

the white-tailed jack rabbit to have litter sizes ranging
from one to eleven with an average of about five per litter.
Only crude estimations of the litter size are available
on the white-tailed jack rabbit, even though extensive stud
ies have been carried out on other hares.

The mean litter

size of the varying hare in Michigan is 2.68 young per preg
nancy (Bookhout, 1965).

Vorhies and Taylor (1965),

Lech-

leitner (1959), and Tiemeier (1965) reported the size of
litters in the black-tailed jack rabbit to be 2.24, 2.3,
and 2.8 respectively.

The average litter size for the black

tailed jack rabbit in captivity was reported by Haskell and
Reynolds (1947) to be 1.79 young per litter.

However, it is

possible that the effects of captivity may have been reflected
in smaller litter size.

French, et al., (1965) found the

average number of embryos per litter in Idaho black-tailed
jack rabbits to be 3.35.

This large litter size was assoc

iated with a shorter breeding season than is generally re
ported for this species.

They indicated that the net annual

production of young in the Idaho jack rabbits was nearly the
same as that observed in other black-tailed jack rabbit
populations.

The effect of a short season with large litters

is believed to be about the same as that of a long season with
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smaller litters.
Several studies have indicated that litter size varies
throughout the breeding season in some leporids.

Bookhout

(1965) found first litters of Michigan varying hares to
be smaller on the average than subsequent ones.

Lord (1963)

and Rowan and Keith (1956) observed the same situation in the
cottontail rabbit and the varying hare respectively.

In the

white-tailed jack rabbit, Burnett and McCampbell (1926)
observed an apparent decrease in the fecundity of females
as the breeding season advances, with early litters being
larger than later ones.

Vorhies and Taylor (1933) found

that antelope and black-tailed jack rabbits produced largest
litters in the months when forage conditions were usually the
best.

In Idaho black-tailed jack rabbits, both prevalence of

pregnancy and mean litter size increased as the breeding
season progressed (French, et a_l. , 1965) .

They reach a peak

in April or May, and then decrease toward the end of the
breeding season.
In a study of age specific reproduction in cottontails,
Lord (1961) observed litter size and prevalence of pregnancy
to vary with age.

Using the reproductive index (product of

prevalence of pregnancy and litter size), Lord demonstrated
juvenile animals to be the least productive and one-year age
class animals the most productive.

Those in 2- and 3-year

age classes showed successively lower fertility.

Comparable
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data is not presently available on jack rabbits, since aging
techniques have not yet been perfected to the same degree as
lor the cottontail rabbit.
The total breeding potential, or the number of young a
continuously breeding female could produce in a single breed
ing season, has not been determined for the white-tailed
jack rabbit.

However, estimates of the breeding potential

of the black-tailed jack rabbit have been reported by
various authors.

Vorhies and Taylor (1933) estimated the

total seasonal production to be eight young per year, while
Lechleitner (1959) calculated an annual production of 9.8
per female.

In Kansas, Tiemeier (1955) found annual pro

duction to be between 12.3 and 13.1, which is comparable
to the estimate of about 13 to 14 young per female per year
by Haskell and Reynolds (1947).
The development of ovarian follicles has been described
by Lechleitner (1959) in the black-tailed jack rabbit.

He

observed that follicles approach maturity in continuous waves
within the ovary.

According to Tiemeier (1965), the diameter

of peripheral follicles in the black-tailed jack rabbit
varies from less than 0.5 to over 2.5 mm.
Apparently some follicles never rupture, but undergo
atrophy.

Two types of atrophy have been observed in the

black-tailed jack rabbit by Lechleitner (1959).

The first,

absorption atrophy, typically involves the invasion of the
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atrium by connective tissue and was rather common in the
black-tailed jack rabbits included in Lechleitner's study.
The second, the blood follicle, typically involves the
extravasation of blood into the atrium.

Lechleitner only

found one such case in over 400 ovaries.
During his study of the black-tailed jack rabbit, Lech
leitner (1959) found a single case of transmigration of ova.
Ova apparently escape the ostium on the side where they form
and migrate across the body cavity to the opposite ostium.
Lechleitner pointed out, that since the uterus in the jack
rabbit is duplex and each side of the uterus has its own
cervical canal, transmigration is not possible by this route
Transmigration was reported by Allen, et al., (1947) to occur
in .37 per cent of the ova produced by the European wild
rabbit, and involves about two per cent of the litters.
Several studies have shown a significant difference to
exist between the number of embryos in the right and left
horns of the uterus.

Asdell (1946) in domestic rabbits,

Mossman (1955) in the brush rabbit (S_. bachmani) , Valentinci*
(1956) in the European hare, and Tiemeier (1965) in the
black-tailed jack rabbit, have reported the left horn of the
uterus to have a significantly greater number of embryos
than the right horn.
Estimates of prenatal mortality are frequently obtained
by comparing the number of corpora lutea and intra-uterine
embryos.

Lechleitner (1959) , however, pointed out that such
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estimates may be far from correct since no consideration has
been given as to when and how these losses occurred.
estimated r r

He

■npj.antatiou iuja, pos---implantation loss, and

loss of entire litters.

Considering these manners of loss

and the period of gestation when these occurred, he estimated
that prenatal mortality in the black-tailed jack rabbit may
be as high as 47.4 per cent, rather than the 13 per cent loss
determined by comparing the ova shed and the implanted em
bryos.

Tiemeier (1965) estimated the total prenatal loss

in Kansas black-tailed jack rabbits, excluding the loss of
entire litters to be 14.5 per cent, per litter.

The calcul

ated loss of entire litters was 11 per cent.
There is a paucity of information available on the
prenatal losses in the white-tailed jack rabbit.

Kline (1963)

reported a loss of 39.6 per cent of the ova shed, but did not
determine the nature of these losses.
Growth and development
The elucidation of growth and other developmental phen
omena in jack rabbits has been impeded by difficulties en
countered in obtaining and raising known-age animals to
maturity.

However, recent investigations, directed toward

the development of adequate and valid aging criteria, have
aided in the description of growth and developmental charac
teristics .
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All members of the genus Lepus are precocial at birth
and exhibit the characteristic markings of the species.

They

are born with their eyes open and ar, capable of moving about
shortly afterward.

A small white patch or "blaze" is often

present in the center of the forehead; this disappears in the
black-tailed jack rabbit at the age of about three months
(Haskell and Reynolds, 1947).

Young antelope and black-tailed

jack rabbits do not exhibit well coordinated hopping activities
until they are two or three days old (Vorhies and Taylor, 1933;
Haskell and Reynolds, 1947).
Attempts at raising young jack rabbits taken by caesarean
section have been made by Vorhies and Taylor (1933) and Bear
and Hansen (1966).

The various milk formulae employed

usually produce digestive trouble at 8 to 10 days of age
which resulted in death.

Plenert (1962) experienced the same

difficulty, but obtained reasonable success in raising a
number of black-tailed jack rabbits to maturity by feeding a
mixture of one part evaporated milk and two parts water, and
by providing the animals free choice of fresh greens and
commercial rabbit pellets.
Young rabbits begin supplementing their milk diet with
solid food at about 10 days, and at the age of about three
weeks, they thrived on a dry ration of rolled barley and
alfalfa.
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The hind feet and ears of the black-tailed jack rabbit
mature at 15 weeks, and the total length and weight are
attained at 28 and 32 weeks respectively (Haskell and Rey
nolds, 1947).

A curvilinear relationship has been demonstrated

between forage consumption and age from 3 to 38 weeks (Has
kell and Reynolds, 1947);

after this period the forage

consumption equals that of adults.

In a similar study in

Kansas, Tiemeier (1965) observed that the hind feet and ears
of the black-tailed jack rabbit mature at 12 and 14 weeks
respectively.

Tiemeier also reported that young of the year,

to the age of five months, could be distinguished from adults
on the basis of weight.

Lechleitner (1959) found weight

could be used as a criterion for separating juvenile from
adult California black-tailed jack rabbits up to the age of
seven or eight months.
According to Nelson and Merriam (1909), ossification of
the skull increases greatly with age in rabbits.

He indicated

that this includes increase in size of the parts and the con
sequent increase in weight and massiveness of structure.
Haskell and Reynolds (1947) observed young black-tailed jack
rabbits to have relatively short heads.

This shortness of the

head gives a flattened appearance to the face.

This condition

persists for a week, after which the head begins to lengthen.
It has been hypothesized that this "snubbiness" of the head
may make parturition easier and assists the young animals in
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gaining access to a nipple for nursing.
Knowledge of growth and development in the white-tailed
jack rabbit is extremely limited.

Bear and Hansen (1966)

obtained limited data on the growth of three young whitetailed jack rabbits.

They observed the length of the ear

to approach adult size at the age of about 10 to 12 weeks.
They indicated that the growth rates of females and males
appeared equal until sexual maturity was attained.

Based

on the limited data available to them, Bear and Hansen
suggested that the growth rate of the white-tailed jack
rabbit was similar to other jack rabbits.
Adult weights of white-tailed jack rabbits have been
recorded by several workers.

Mohr (1943) found an average

weight of 7.4 pounds for 104 white-tailed jack rabbits
from Minnesota.

Bailey (1926) recorded the average of 12

North Dakota white-tailed jack rabbits as 8.0 pounds.
Kline (1963) found the average winter weight for males to
be 7.5 pounds and for females to be 7.9 pounds;
spring weight for males was 6.8 pounds.

the average

Bear and Hansen

(1966) reported the average in Colorado to be 6.06 pounds.
Many workers have reported the existence of sexual
dimorphism in the weights and body size of leporids.

Elder

and Sowls (1942) reported that female cottontail rabbit
weights average heavier than males.

He also indicated that

male cottontails lost weight in the late winter and early
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spring, while females did not.

Bronson (1958) found a sig

nificant difference between the weights of male and female
black-tailed jack rabbits throughout the year in Kansas.

He

demonstrated females were heavier, even during non-breeding
periods when no pregnant animals were encountered.

Lech-

leitner (1959) also demonstrated a sexual dimorphism in the
pelvic structure of the black-tailed jack rabbits.

He noted

that the pubic bone tends to be broader and shorter in the
female than in the male.
Recently, adequate aging criteria and techniques have
been developed for leporids.

Criteria based on the degree

of epiphyseal-closure of the long bones of the body were first
developed by the X-ray examination of the shoulder and elbow
regions in cottontail rabbits (Thomsen and Mortensen, 1946).
Hale (1949) refined the epiphyseal-closure technique and
developed a "groove test," by which the degree of closure of
the proximal humeral epiphysis in cottontail rabbits could be
detected using a knife blade. . He indicated that the epiphysis
of the humerus closes at about 8.5 to 9 months of age.

Lord

(1963) estimated this epiphysis closes at about 7.5 to 8 months,
but time of closure ranged from 5 to 15 months

when compared

with the newly developed lens-weight technique of aging.
hypothesized that the discrepancy between his results and
those of Hale could be due to either an inherent error in
the lens-weight techniques or to a natural variability in

He
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the age at which closure occurs.
The use of the epiphyseal-closure technique has not
been reported for the white-tailed jack rabbit.

It has,

however, been applied to other species since being developed.
Reilly and Curran (1961) investigated the application of
this technique to the red fox (Vulpes fulva), and found that
juveniles could be distinguished from adults.

Watson and

Tyndale-Biscoe (1953) applied the technique to the European
wild rabbit.

Fusion of the tibial epiphysis was estimated

to occur between 8 to 11 months of age, with an average of
10 months.
Lechleitner (1959) separated the black-tailed jack
rabbit into three distinct age classes on the degree of
humeral epiphyseal closure.

He designated Age Class I as

including individuals in which the proximal epiphysis was
represented by a definite groove;
iduals

in Age Class II indiv

the cartilage was replaced by bone, but the bony

trabeculae have not organized and a definite line is visible
on the surface indicating the area of closure;

in Age Class

III individuals there is no indication of the epiphyseal line.
Lechleitner found that Age Class I individuals become Age
Class II sometime between seven and nine months of age, while
Age Class II individuals become Age Class III at about 12
months.

Tiemeier and Plenert (1964) indicated three similar
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distinct age classes in the black-tailed jack rabbit in
Kansas;

however, Class I individuals become Class II at

about five months of age, and Class II become Class III
at about 14 months.
The epiphyseal-closure technique has certain limitations
in aging studies.

The most apparent is the restriction of

its usefulness to young animals.

Moreover, this technique

cannot be utilized in older animals, where no evidence of a
line of closure can be seen.
Lord (1959) demonstrated the practicality of using the
dry-weight of the lens of the eye as a criterion for aging
cottontail rabbits.

Since Lord's first work, the weight of

the dried lens has been used as an indicator of aging in
raccoons (Procyon lotor) , (Sanderson, 1961; Montgomery, 1963);
pronghorn antelope (Antilocapra amerlcana), (Kolenosky and
Miller, 1962); fur seals (Callorhinus ursinus) , (Bauer, _et al.,
1964); fox ..quirrels (Sciurus niqer), (Beale, 1962); woodchucks
(Marmota monax) , (Davis, 1964); European wild rabbits,

(Dud-

zinski and Mykytowycz, 1961); and the black-tailed jack
rabbit (Tiemeier and Plenert, 1964).

Wight and Conaway (1962)

and Tiemeier and Plenert (1964) found the lens-weight tech
nique superior to the epiphyseal-closure technique and to
techniques based on body size and weight in cottontails and
black-tailed jack rabbits respectively.
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Movement and home range
Traditionally, movement and home range have been
evaluated either on the basis of recapture, a method used
by Lord (1963) in Illinois, or on the basis of visual ob
servation of marked and released animals, a technique
used by Lechleitner (1958) and Tiemeier (1965) with black
tailed jack rabbits.
The development of radio-telemetry equipment has recently
placed another tool at the disposal of the animal ecologist.
While radio-telemetry studies of jack rabbit movement have
not yet been reported, this approach has been productive in
analysis of the movements of a number of mammals, including
the cottontail rabbit (Cochran and Lord, 1963), the porcupine
(Erethizon dorsatum) (Marshall, et. al. , 1962) , the red fox
(Storm, 1965), and the white-tailed deer (Odocoileus virqin.ianus) (Tester, e_t al^. , 1964).
Extensive studies have been conducted on the movements
and home range of many leporids, but information concerning
these characteristics is generally lacking for the white-tailed
jack rabbit.

A few isolated observations are the only con

tributions to our knowledge of movement and home range in
this species.

Seton (1929) estimated the home range of the

white-tailed jack rabbit to be "not more than 2 miles across,
maybe even smaller."

No attempc was made to measure movement

home range by Bear and Hansen (1966);

however, seasonal

'V

variation in the types of habitat utilized by the white-tailed
jack rabbit in Colorado were observed.

They found jack rabbits

utilizing areas characterized by tall shrubs during the autumn
and winter, when grassland-dominated ridges were used as travel
lanes.

However, the greatest utilization of grassland habit

ats was during the summer, when these received four times as
many "rabbit-day-uses" as the other habitats studied.
While the knowledge of the movements of white-tailed
jack rabbits is limited, there is considerably more inform
ation concerning other hares.

Vorhies and Taylor (1933)

reported that antelope and black-tailed jack rabbit movement
varied in accordance with the distance between "food areas"
and "shelter areas."

They indicated that daily movements of

1 or 2 miles each way between these areas may be fairly
common in Arizona.

Concerning home range they stated, "we

have formed the opinion that their home range.
several miles in diameter."

. . may be

Black-tailed jack rabbits gen

erally moved from one plant community to another to feed,
and well-defined trails leading from cover to grassy areas
may be found (Wautin, 1946).
Bider (1961) demonstrated that vegetational composition
<•

played an important role in determining the size of the home
ranges of individual varying hares in Canada, and that clim
atic and physical factors dampen or activate movements within
this range.

He found the daily range of males and females
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in summer and winter to be approximately 4 acres, or consider
ably less than the 10 acres reported by Grange (1932).

Accord

ing to Bider, this discrepancy may be explained by the dif
ference in time.

Bider observed daily movement, while Grange'

observations were made over extended periods.
Lechleitner (1959) found that black-tailed jack rabbits
remain in rather well-defined areas of less than 50 acres,
even in large fields where no distinct physical barriers to
prevent occupation of larger areas are present.
rabbits appeared to have a somewhat
males.

Female jack

larger home range than

Plenert (1962) and Tiemeier (1965) reported average

home ranges of the black-tailed jack rabbit in Kansas to be
31.3 and 37.7 acres respectively.

The range of the males

was slightly larger than that of the females, and the range
of juveniles was about 75 per cent as large as that of the
average adult.

French, et al_., (1965) found that 97 per cent

of the black-tailed jack rabbits on their study area in
Idaho were recaptured less than one fourth mile from the
point of release.

However, it was pointed out that some

animals may move greater distances;

one animal had moved

28 miles in 17 weeks.
Jack rabbit populations have been shown to migrate in
response to climatic variations.

Concerning migrations,

Vorhies and Taylor (1933) wrote, "in dry seasons migrations
of 10 miles round trip from desert to alfalfa fields are
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known."

They reported that during arid periods, jack rabbits

in Arizona characteristically invade the outskirts of desert
cities and towns, moving onto green lawns in the late evening
to feed.

Black-tailed jack rabbits migrate seasonally, from

the dense stands of big sagebrush (Artemisia tr.identata) on
surrounding slopes, to the floor of Curlew Valley, Utah,
during the spring and fall (Currie aid ODodwin, 19 66).

These

migrations were apparently motivated by the availability
of green vegetation on the valley floor during these periods.
Bronson and Tiemeier (1959) observed similar migrations of
jack rabbits to and from the Kansas sandhills in response
to drought and moist conditions.
The daily activity patterns of rabbits are apparently
modulated to some extent by certain weather conditions.

Bider

(1961), Tiemeier (1965), and Kline (1965) have indicated
high wind to be one of the most restrictive factors governing
movements of varying hares, black-tailed jack rabbits,and
cottontail rabbits.

Kline also related decreased cottontail

rabbit activity with increased nubilosity;

falling snow and

fog appeared to limit nocturnal 'activity in black-tailed jack
rabbits (Tiemeier, 1965).
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Forms and nests
According to Nelson and Merriam (1909) the genus Lepus
makes nest-like "forms” in sheltered spots, where they conceal
themselves during the day.

These were generally found at the

base of moderately large shrubby vegetation.

Vorhies and

Taylor (1933) and West, et al., (1961) described the forms
used by antelope and black-tailed jack rabbits as being
shallow depressions approximately 0.5 to 3.0 inches in depth,
from 6 to 18 inches long, and 3 to 8 inches wide.
Vorhies ahd Taylor (1933) reported that jack rabbits
in Arizona generally dig forms under mesquite, cactus, rabbit
brush, and grass clumps.

Approximately 42 per cent of the

black-tailed jack rabbit forms found in Kansas were under
pinweed (Lechea tenuifolia) , a low branching forb (West, et
al., 1961).

They observed that most were constructed under

plants approximately 55 centimeters high, and no forms were
found under plants of less than 20 centimeters.
West, et. a_l., (1961) found that 35 per cent of the forms
were used more than four times, and 70 per cent received
use within the initial 10 days after they were located.

Their

study indicated that jack rabbits might use existing forms
after cleaning or reworking them, but more frequently dig new
ones.

Black-tailed jack rabbit forms were randomly distrib

uted with respect to topography.

Lechleitner (1958) reported

that Henry (1942) found white-tailed jack rabbit forms tend
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to be on western slopes ana at higher elevations in fields in
Iowa.

Vorhies and Taylor (1933) and Linsdale (1938) have

observed that antelope and black-tailed jack rabbits always
rest in forms on the shaded side of vegetation.
Antelope and black-tailed jack rabbits in Arizona
never take shelter in a hole or burrow, even when hard pressed
or wounded (Vorhies and Taylor, 1933)

However, West, e_t al.,

(1961) have observed that black-tailed jack rabbits in
Kansas seek the safety of holes.
According to Nelson and Merriam (1909), the white-tailed
jack rabbit utilizes deserted holes of other mammals during
the summer;

in winter they burrow into the snow for protec

tion from the cold.

Burnett and McCampbell (1926) have

observed that wounded white-tailed jack rabbits enter old
badger or prairie dog burrows.

Roberts (1932) suggested that

white-tailed jack rabbits use abandoned badger dens prior
to their use by burrowing owls.
There is considerable disagreement on whether hares
drop their young on the surface of the ground, or in nests
constructed for this purpose.

However, much of the disagree

ment concerns the definition of a nest.

Tiemeier (1965)

defined it as, "a settled and concealed place where young
animals are born and or reared, depressions in the soil and
vegetation could, within limits, be called nests."

Grange

(1932) was unable to find a single authentic record of any
definite nest utilization by the varying hare.

He observed
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that captive hares delivered litters without any nest prepar
ation.

Aldous (1937) observed that varying hares frequently

dropped their young in the form in current use, but noted
that young were found just as frequently wherever cover was
available.

Accounts of farmers plowing up numerous black

tailed jack rabbit nests in Oregon and California have been
reported by Vorhies and Taylor (1933) and Lechleitner (1958).
These nests were described as "invisible except when plowed
up, evidently having been closed and partly covered with
earth when the mothers left them.
fur."

Each was thickly lined with

Wautin (1946) found young black-tailed jack rabbits

crouching at the base of brushy vegetation;
the vicinity.

no nests were in

Tiemeier (1965) observed that litters of the

black-tailed jack rabbits in Kansas may be dropped in de
pressions with no previous nest preparation.
Bear and Hansen (1966) did not find any white-tailed
jack rabbit nests during their study in Colorado.

However,

several burrows which contained hair and tracks of jack
rabbits were found.
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Food habits
More has been written on the food habits of various
jack rabbits than on any other aspect of their ecology.
Historically, interest has been directed toward the relation
ships between jack rabbits and crop and range damage.
The food habits of the antelope and black-tailed
jack rabbits were investigated in Arizona by Vorhies and
Taylor (1933), who found that browse made up a very large
portion of the annual diet.

Stomach analysis revealed that

the year-around diet of these species consisted of
approximately 80 per cent mesquite and grasses.

The Arizona

jack rabbit was found to be extremely fond of alfalfa.
During drought periods, they also consumed considerable
quantities of prickly pear (Qpuntia sp.).

Bear and Hansen

(1966) have observed the white-tailed jack rabbit to eat
barrel cactus (Ferocactus sp.) during periods of drought
in Colorado.
In the salt-desert range of Utah, black-tailed jack
rabbits preferred grasses, forbs, and shrubs in the early
spring and summer, and shrubs throughout late fall and
winter (Currie and Goodwin, 1966).

The four species of

preferred shrubs were shadscale (Atriplex confertifolia),
saltasage (Atriplex nuttalli) , big sage (Artemisia tridentata) ,
and whitesage (Eurotia lanata).

Seton (1929) described the diet of the white-tailed
jack rabbit as "nearly everything that is green or grain. »»
Snakeweed (Gutierrezia sp.), rabbitbrush (Chrysothamnus sp.),
and sagebrush (Artemisia sp.) are listed by Martin, et ad.,
(1951) as the foods of the white-tailed jack rabbit in Utah.
Bailey (1926) included clover, alfalfa, and young grain
as favorite foods.

He reported that the winter di.et included

the tips, branches, and bark of a variety of shrubs and
small trees.

Kline (1963) indicated that waste corn, in

the fields after harvest, appeared to be an important winter
food of the white-tailed jack rabbit in Iowa.
Bear and Hansen (1966) in a rather extensive study of the
food habits of the white-tailed jack rabbit in Colorado,
found the summer diet to consist of 70 per cent forbs, 19
per cent grasses and grass-like plants, and 7 per cent
shrubs.

The four most important plants in order of their

composition in the diet were clover (Trifolium sp.), dryland
sedge (Carex obtusata) , and Indian paintbrush (Castilleja
integra).

The consumption of common dandelion by white

tailed jack rabbits during the summer has also been reported
by Skinner (1927).
The fall diet of the white-tailed jack rabbit consisted
of 43 per cent grasses and grass-like plants, 34 per cent
forbs, and 14 per cent shrubs (Bear and Hansen, 1966).
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The four most important plants in order of their composition
were dryland sedge, goosefoot (Chenopodium sp.), fringed
sage (Artemisia friqida) , and winterfat (Eurotia lanata) .
The winter diet consisted of 76 per cent shrubs, of which
Parry’s rabbitbrush (Chrysothamnus parryi) made up 72 per
cent of the stomach contents.
lupine,

Three fox'bs, goosefoot,

(Lupinus sp.), and clover made up only 12 per cent

of the diet.

The spring diet was similar to that of the

winter, and consisted of 37 per cent shrubs, 4 per cent
grasses and grass-like plants, and 4 per cent consisted of
goosefoot.

Parry's rabbitbrush made up 70 per cent and

fringed sage 15 per cent of the spring diet.
Bear and Hansen (1966) observed that more kinds of
plants were eaten by jack rabbits in the sagebrushland
than in any other type of habitat studied.

The utilization

of edible plants was higher in this habitat than in any other.
When jack rabbits consume portions of shrubs, they
prefer the woody stems of the leaves or the recent growth
(Bear and Hansen, 1966).

They clip the stems, eat only the

woody portion, and leave the remainder.

Vorhies and Taylor

(1933) made a similar observation on black-tailed jack
rabbits in Arizona.

They found jack rabbits attacked the

low branches of mesquite to such an extent that they alter
the growth form.
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Food intake and defecation rates
The daily intake, of an experimentally ration of alfalfa
and rolled barley, by antelope and black-tailed jack rabbits,
has been estimated to be 0.28 and 0.23 pounds respectively
(Arnold, 1942).

In a comparable study, the daily intake of

the same ration by the white-tailed jack rabbit was 0.19
pounds (Bear and Hansen, 1966).

This study revealed an

interesting food consumption pattern* by pregnant females.
The average food consumption dropped sharply during the
week before parturition.

However, immediately after

parturition, it rose rapidly and continued during the week
after paturition, until it was twice the average for the
non-pregnant animal.
The defecation rate of the antelope and the black
tailed jack rabbit was found to be 531 pellets per day by
Arnold and Reynolds (1943).
for all jack rabbits.

They suggested this to be valid

Bear and Hansen (1966) reported that

the white-tailed jack rabbit voids from 146 to 440 pellets
per day, with a mean rate of 277.

Comparison of the air-

dried weight of pellets voided each day with the air-dried
weight of forage consumed, indicated that 28 per cent of the
consumed forage was voided as solid wastes (Bear and Hansen,
1966).
Cochran and Stains (1961) studied the decomposition
rate of cottontail rabbit pellets, and found that they
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decompose at different rates under different conditions.
Their study indicated that pellet censuses are probably
highly inaccurate in the field and are of limited value
as an index of population density.
Coprophagy
Coprophagy or reingestion is a commonly observed
phenomenon in leporids.

It has been reported in the genus

Oryctolagus by Thompson and Worden (1956), in the genus
Sylvilagus by Hamilton (1955), Dexter (1959), Geis (1957),
and Kirkpatrick (1956), and in the genus Lepus by
Lechleitner (1959), Spencer (1955), and Watson and Taylor
(1955).

This involves the oral consumption of fecal pellets,

usually extracted directly from the rabbits own anus.
According to Thompson and Worden (1956), rabbits produce
two types of fecal pellets, the soft pellet and the round
hard pellet one normally sees in the field.

Apparently

only the soft pellets are reingested.
Reingestion apparently insures better food utilization.
Thompson and Worden (1956) suggested that to a degree
reingestion replaces rumination, but is considerably less
efficient.

The actual value of reingestion is not known,

but most investigators agree that the rabbit obtains some
necessary food requirement, possibly proteins and B-vitamins.
Schwartz and Schwartz (1959) suggested that young animals
very likely obtain essential intestinal bacteria by eating
pellets produced by the mother.
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Limiting factors
According to Tiemeier (1965) man, with automobile,
spotlight, and guns, probably is the greatest cause of
jack x’abbit mortality.

At the present time, North Dakota

has not yet placed the ja-:k rabbit on the game list and the
animal can be hunted year-around.

The only protection the

jack rabbit receives in North Dakota is from the law which
bans the practice of "jack-lighting" or hunting after dark
with a spotlight.

This law was not designed to protect the

jack rabbit but primarily to protect deer.
Because of its speed, the adult jack rabbit is usually
quite safe from most natural predators.

However, predation

on the juveniles is higher than on adults.

Seton (1929)

listed most birds of prey and foxes as predators on young
white-tailed jack rabbits.

The coyote, bobcat, rattlesnake,

and most birds of prey were included by Vorhies and Taylor
(1933) as prominent predators in Arizona.

All cases of

snake predation were confined to juvenile rabbits.
A study of the food habits of the red fox in Nortn
Dakota (Anon., 1949), indicated that rabbits make up a fair
portion of its diet.

During the period, 1940 to 1941, when

rabbits were abundant in North Dakota, their incidence in fox
stomachs was 43 per cent by volume.

In low population

years, as in the years 1946 and 1947, rabbits made up only
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14 per cent of the stomach contents.

These data appear to

support the hypothesis proposed by Vorhies and Taylor
(1933), that predators invariably specialize on the most
abundant or most easily accessible food supply.
Huber (1954) listed 14 species which prey on jack
rabbits in North Dakota.

The most important were fox,

golden eagle, horned owl, snowy owl, and coyote. McKean
(1947) found rabbit remains in 66 of 593 fox scats in
North Dakota.

Murie (1945) estimated that the coyote diet

in the area around Fort Peck, Montana included 4.3 per cent
white-tailed jack rabbit.
Tularemia and plague have often been associated with
jack rabbit populations.

Bowen, et. al_. (1960) searched

unsuccessfully for these diseases, brucellosis, and Q-fever
in Kansas jack rabbit populations.

No outbreaks of any

of these diseases have been documented in North Dakota.
Voth and James (1965) described the parasites of the
white-tailed jack rabbit in southwestern North Dakota.
They found that approximately 33 per cent of the animals
examined were infected with an intestinal coccidia (Eimeria
sp.).

They also found one nematode, filariid sp., and four

cestodes (Cittotaenia sp., Multiceps sp., Raillietina
(Raillietina) loeweni, Taenia pisisformis).

They recovered

four species of ectoparasites, one tick (Dermacentor andersoni),
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and three fleas (Cediopsylla inaequalis, Hoplopsyllus
affinis, and Pulex irritans).

The observation of a

larval cyst of Multiceps sp. in the ventricular chamber
of the heart appears to constitute a new site of infection.
This appears to be the only study of parasitism in this
species.
Parasitism in jack rabbits is rather prevalent, but
does not appear to be a major mortality factor.

Only one

paper in the literature indicated unusually high mortality
as the result of parasitism.

Philip, et. _al. (1955)

attributed a high mortality in a high Nevada jack rabbit
population to Cuterebra sp.

Many animals had heavy

infestations, particularly about the head and eyes, which
resulted in blindness.

Some animals were found that

apparently died as a result of these infestations.
The effect of climatic variations on reproduction,
mortality, and population levels has been examined in a
number of leporid species.

Efforts have been made to

establish general climatic parameters, by which the response
of populations can be explained or predicted.

Andersen

(1957), studied European hare populations in Denmark, and
found an inverse relationship between population levels
and the monthly mean rainfall in June and July.

High hare

populations corresponded to years of low precipitation, and
low populations could be related to years of high precipitation.
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He also indicated that a relationship existed between
population levels and the monthly mean temperatures during
the period March through June.
Bronson and Tiemeier (1959) postulated that jack
rabbit populations in Kansas are probably non-cyclic, but
are subjected to changes in the carrying capacity of the
range, which fluctuate with precipitation.

In support of

this hypothesis, Tiemeier (1965) pointed out that jack
rabbit populations in Kansas were highest during the
drought years of the 1930's and mid-1950's.
Mohr and Mohr (1936) indicated that white-tailed jack
rabbit populations in Minnesota appeared to reach high
levels in dry years and low levels in wet years.

This

same relationship has been suggested by Kline (1963) for
Iowa jack rabbit populations.
Short term weather extremes may have a profound effect
on jack rabbit populations.

Lechleitner (1958) related wet

weather and resulting flooding to decreased breeding and
increased mortality in the black-tailed jack rabbit in
California.

A severe March blizzard in Kansas resulted in

substantial jack rabbit mortality (Tiemeier, 1965).

A high

percentage of resorption of embryos was noted following a
late spring snow storm in Kansas.
French, et al. (1965) excluded predators, parasites,
weather, and the availability of food as direct limiting
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factors of the Idaho jack rabbit population.

They agreed

with Christian (1956) that social-psychological factors may
be the limiting factors, and stated, "to date, only
investigations of the social-psychological, factor have
demonstrated decreasing fertility with increasing population
density, as we observed in our jack rabbit population."
Population characteristics
Investigations of sex ratios in jack rabbits generally
have indicated a 50:50 sex ratio.

Equal sex ratios have

been reported for the antelope jack rabbit (Vorhies and
Taylor, 1933), the black-tailed jack rabbit (Lechleitner,
1959; Tiemeier, 1965) and the white-tailed jack rabbit
(Kline, 1963; Bear and Hansen, 1966).
Lechleitner (1959) employed the epiphyseal-closure of
the humerus as a criterion to describe the age structure
of jack rabbit populations in California.
percentages for each age class were:

The annual average

35 per cent Age Class

I, 38 per cent Age Class II, and 27 per cent Age Class III.
This indicated that more than 70 per cent of the population
would be less than one year old.
Utilizing the same technique, Tiemeier (1965) observed
annual fluctuations in the age structure of black-tailed
jack rabbit populations in Kansas.

Age Class I individuals

appeared first in May collections, and increased to a peak
in August, when the population was 70 per cent young-of-the-
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year.

He indicated that Age Class II reached a peak of

59 per cent in November, while by February, 77 per cent of the
population was Age Class III.

Using the criteria of lens

weight, Tiemeier estimated that less than one per cent of
the population was over 3.0 years old, and 91 per cent was
under 1.5 years of age.
Assuming a stable population, Lechleitner (1959) and
Tiemeier (1965) calculated the average life span of the
black-tailed jack rabbit, using Burkitt's (1926) formula,
modified by Hebrides (1951).

This assumes that the average

life span of the jack rabbits that survive one year is
equal to the reciprocal of the percentage of young in the
population.

Lechleitner obtained an estimate of 1.37

years, and Tiemeier an estimate of 1.8 years.
Tiemeier (1965) computed juvenile mortality by comparing
"adult female-to-juvenile" ratios after reproduction had
ceased, with the expected ratios.

The 5-year average of

juvenile mortality in black-tailed jack rabbits in Kansas
was 63 per cent.
Weather has been suggested to have a modifying effect
on the timing of the reproductive season in rabbits.

Late

winter storms have delayed the onset of breeding in cotton
tail rabbits (Wight and Conaway, 1961).

Kline (1963) observed

that weather apparently delayed the initiation of breeding
in the white-tailed jack rabbit during two of the six years.
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French, et al. (1965) observed the breeding season in black
tailed jack rabbits to be delayed during two of the five years
due to the influence of weather.

Weather may disrupt a

portion of the breeding season, but neither the length of
the season nor the total production of young was greatly
altered.
French, et_ al^ (1965) found a steady decline in
productivity of black-tailed jack rabbits during a period
of increasing population.

Their data indicated that the

production of young decreased as the population density
increased.

They concluded that reproduction of the jack

rabbit population in Idaho was controlled in a densitydependent fashion by the frequency of pregnancy of females
and by the litter size.

However, these two factors appeared

to act independently on the population.
The determination of population densities or relative
abundance is difficult in jack rabbit populations, and
traditional methods used to estimate small mammal populations
cannot be applied to jack rabbits.

Most attempts to estimate

populations of jack rabbits have employed various types of
censuses.
Many different census methods have been utilized in
attempting to describe population levels.

Palmer (1C97)

and Woodbury (1955) used drives to count the number of
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rabbits on a given area.

Vorhies and Taylor (1933),

Phillips (1936), and Arnold and Reynolds (1943) counted
fecal pellets to arrive at a population estimation.

This

was highly inaccurate, as pointed out by Cochran and Stains
(1961), since pellet

disintegration rates are dependent

on a number of variables.
Lechleitner (1958) and Bronson and Tiemeier (1959)
used modifications of Webb's (1942) strip census for
black-tailed jack rabbits, while Mohr and Mohr (1936)
estimated white-tailed jack rabbits in Minnesota, by
randomly cruising fields using a flushing distance of five
rods on either side.

Vorhies and Taylor (1933) estimated

the number of jack rabbits on the Santa Rita Range in
Arizona with a "rabbit-cow" census they developed.

The

estimation was made from the ratio of the number of cows
and rabbits seen in a 500 foot wide randomly cruised strip
in pastures containing known numbers of cows.

Employing

this method, they estimated the population density in semidesert habitat as 54 jack rabbits per section, in mesa types
as 149 jack rabbits per section, and in foothills types as
60 per section.
Kline (1963) believed population densities of white
tailed jack rabbits in Iowa were between 5 and 15 animals
per section.

He reported that Henry (1942) found an average
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population of 10 per section in Story County.

Hibbard

(1956) estimated jack rabbit populations in northeastern
North Dakota to range from two to four animals per section,
while in the southeastern counties the population may have
averaged six to nine per section.
Daytime black-tailed jack rabbit populations of
croplands varied from 1 per 10 acres to 1 per 50 acres
in Kansas (Bronson and Tiemeier, 1959).

Higher or lower

population levels were the result of dispersion or con
centration of animals.
Tiemeier (1965) suggested that caution should be
exercised in the interpretation of census data.

Apparent

population fluctuations may be a function of concentration
and dispersion movements rather than increase or decrease
in numbers.

He observed that animals tend to concentrate

near food sources, in brushy draws, or in wheat stubble on
open areas.
Economic relationships
The white-tailed jack rabbit is unique among the
prairie hares, since it is valuable as a furbearing animal
and also as a source of protein for feeding ranch mink and
fox.

About 1928, eastern furriers found the fur of the

white-tailed jack rabbit an excellent source of felt for
making hats(Hibbard, 1955).

Therefore, the jack rabbit
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has developed into one of the most important furbearers in
the state.

It has been North Dakota's second most

valuable furbearer since 1937; outranked only by the mink.
Seven of the 11 million furbearers taken in the state
between 1937 and 1958 were jack rabbits (Adams, 1963).
Prices paid for jack rabbits by fur houses vary with
demand, and range from 17 to 80 cents, with an average
(1937-1962) of 44 cents (Adams, 1963).

The average annual

harvest (1937-1962) was about 320,000 jack rabbits, or an
average annual value of approximately 135,000 dollars
(Adams, 1963).

Adams (1961) characterized the status of

the jack rabbit in North Dakota in the statement, "the
jack makes up in numbers what it lacks in individual pelt
value."
The 1941-1942 fur season produced a record harvest of
1,750,000 jack rabbits (Adams, 1963).

According to

Hibbard (1955), the rabbit population in the following year
was infected wxth an unspecified epizootic.

Accordingly,

the 1942-1943 harvest declined to 150,000 animals.

Only

once has the harvest approached previous levels, in 19551956 it reached 789,000 animals (Adams, 1963).
Jack rabbits in various parts of the United States
have been implicated as an agent responsible for considerabl
crop damage.

Burnett and McCampbell (1926) reported that

crop damage by the white-tailed jack rabbit in Colorado
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included corn, milo, cane, hog millet, alfalfa, soy, navy,
and pinto beans, and at times the bark of fruit trees.
They found that jack rabbits prefer the tender shoots of
all crops.

Depredation by white-tailed jack rabbits in

Iowa on corn and soybean sprouts were reported by Kline
(1963).

He also observed them nip off small trees and

feed regularly at alfalfa haystacks during the winter.
According to Adams (1963), the white-tailed jack rabbit
in North Dakota does more damage to shelter belts and small
trees than they do to crops.
Black-tailed jack rabbits damaged grain sorghum in Kansas
before the plants head out and resulted in the consumption
of the whole plant (Bronson and Tiemeier, 1958).

Damage

to crops was usually restricted to field near the daytime
resting areas.

Therefore, Bronson and Tiemeier postulated

that heavy crop damage was probably the result of population
concentration rather than tremendous increases.
Tiemeier (1965) indicated that planting small buffer
fields of the same crop between resting areas and large
fields was effective in reducing damage.

Lewis (1946)

reported that sowing a strip of rye about 16 feet wide
around the perimeter of barley fields vulnerable to jack
rabbits reduced crop damage.
The interaction of jack rabbits with domestic livestock,
and their effect on rangelands have been topics of great
concern, particularly in southwestern United States.
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Historically, the jack rabbit has been considered a
detrimental range pest and the s-ngular cause of range
deterioration.

However, many studies concerned with the

inter-relationships of rabbits, livestock, and rangelands
indicate associations which are contrary to popular belief.
In a study of the relationship of jack rabbits to
grazing in southern Arizona, Taylor, et. al_. (1935) found
livestock to be primarily responsible for the disappearance
of range grasses.

They regarded the influence of rabbits

and rodents as a secondary factor.

After grazing has

triggered the initial decline rabbits may further add to
the process.

According to Arnold (1942) , once depletion

has reached its final stages, rabbits may be the primary
factor preventing recovery of the range.
It is often inferred that jack rabbit populations
compete directly with cattle for forage.

Bond (1945)

reported, "this is certainly true, but it is seldom pointed
out that where serious competition exists, it is usually for
a very inferior type of forage".

He referred to the jack

rabbit as a symptom and result of poor range conditions,
rather than a cause.
Observations made on black-tailed jack rabbit population
in Oklahoma (Phillips, 1936) and Kansas (Brown, 1947) and
on white-tailed jack rabbit populations in Colorado (Bear
and Hansen, 1966), have shown that jack rabbits were more
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abundant on rangelands with recent histories of excessive
use by livestock.

Vorhies and Taylor (1933) indicated that

jack rabbits prefer such areas, since they are partial
to succulent annuals and herbs which accompany the secondary
succession resulting from excessive grazing.
The daily forage consumption of various jack rabbits
has been determined by experimental feedings (Vorhies and
t

Taylor, 1933 and Arnold 1942).

The forage values thus

determined were used to estimate "cow-rabbit" and "sheeprabbit" equivalents, or the number of rabbits necessary to
eat or waste the amount of forage consumed by one cow or
sheep. Considering these equivalents, and assuming that
rabbits and livestock were in 100 per cent competition for
forage, Arnold (1942) and Vorhies and Taylor (1933) estimated
that 12 to 1G black-tailed jack rabbits would be required to
consume as much forage as one sheep, and 60 to 80 to equal
the consumption of one cow.

They found that the forage

consumption of 9 to 12 antelope jack rabbits would equal
that of one sheep, while the forage of 41 to 60 rabbits
would equal the consumption of a cow.
Vorhies and Taylor (1933) demonstrated that livestock
and jack rabbits are not in direct competition for all forage
species.

They reported that 44 per cent of the diet of the

antelope jack rabbit consisted of plants which were
unpalatable to sheep and cows.

Considering this factor, more
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than 15 rabbits would be required to equal the forage
requirements of one sheep, or 74 rabbits to equal those of
one cow.

Since 44 per cent of the items in the diet of the

black-tailed jack rabbit in Arizona are also selected by
livestock, more than 30 rabbits would equal the consumption
of one sheep, or 148 rabbits would equal the requirements
of one cow.

THE STUDY AREA
While certain aspects of the ecology and life history
of the white-tailed jack rabbit were studied throughout
most of North Dakota, other objectives required a study area
in that part of the state with adequate numbers of jack
rabbits.

Terrestrial and aerial reconnaissance and consult

ation with North Dakota Game and Fish biologists, indicated
that jack rabbits were most numerous in the southwestern
portion of the state.

Therefore, a decision was made to

conduct the major portion of this investigation in that area
The study area selected included all or parts of Adams,
Billings, Bowman, Golden Valley, Hettinger, Slope, and
Stark Counties.

It extended from the North Dakota-South Dak

ota border northward to U.S. Highway 10, and from the North
Dakota-Montana border eastward to North Dakota Highway 8
(Fig. 1) .
History
Prior to the Indian Treaty of 1877, this area was dom
inated by the Sioux Indian.

Subsequently, Texas cattle

companies moved large herds of cattle onto the northern
prairies which previously had been grazed only by buffalo.
Sheep ranching began in southwestern North Dakota about 1881
when the railroad opened the area west of Mandan.
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Figure 1.

Study area in southwestern North Dakota. Special areas A and B were
used to study movement and habitat utilization. Winter concentrations
are designated by w.
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The greatest immigration of settlers into the southwestern
counties was from 1906-1912, as the result of the Homestead
Act.

By the 1920's, many of these settlers had abandoned the

land, primarily because they had not learned to farm in the
semi-arid climate and could not make a living.
Willson, et al.,

(1928) reported that 170 farms in Slope

County were abandoned between 1902-1925.

These represented

21.9 per cent of all the farms in the county.

In Bowman

County 64 farms, or 8.1 per cent of all the farms in the
county, were abandoned in the same period.

Since the 1920's

the farms have continually decreased in number, and accord
ingly, the remaining ones have increased in size.
The present day economy of the southwestern counties
is based on cattle, sheep, and wheat.

Oats, barley, corn,

alfalfa, and native hay are of secondary importance, and
are usually utilized for winter livestock feed.
Geology
The study area is situated on the ungleiciated portion
of the Missouri Plateau, and lies wholly within the Great
Plains Province of the Interior Plains (Fenneman, 1931).
The general elevation of the Missouri Plateau ranges from
approximately 1800 to 3200 feet above sea level, and slopes
toward the Missouri River to the east.

The major streams are

the Little Missouri, Heart, and Cannonball rivers.

Drainage
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is to the northeast and east down the slope, with all streams
flowing into the Missouri River.

The drainage pattern

throughout the region is extremely fine textured.
Badlands topography is prevalent throughout muc. of
the area, and is most pronounced along the Little Missouri
River.

The topography of this area has been developed in

essentially horizontal and poorly lithified sequences of
sandstones and shales which constitute the bedrock of the
region.

The semi-arid climate, sparse vegetation, and cloud

burst type of rainfall have contributed to the formation of
this badlands topography.
The bedrock of the area consists of marine and non-marine
beds of Late Cretaceous and Tertiary age, deposited within
a progressively subsiding basin (Hainer, 1956).

The oldest

beds, brought to the surface by the Cedar Creek anticline
in the extreme southwestern part of the area, are dark,
sparsely fossiliferous, marine shales of the Pierre Formation.
These beds are overlain by Late Cretaceous age non-marine
sandstones and shales of the Fox Hills and Hell Creek For
mations respectively.
The Hell Creek Formation is unconformably overlain by
the Paleocene Fort Union Group which makes up much of the
bedrock of the region.

This group consists mostly of friable

sandstones and siltstones, dull gray shales, and lignites in
the Ludlow, Fort Union, and Sentinal Butte Formations, in
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ascending order (Royse, 1967).

Burning lignite of the Fort

Union Group has, in many places, baked the overlaying shales
and produced a brick red material locally known as "scoria."
This "scoria" is very resistant to erosion and forms the caprock of may buttes in the area.
Paleocene strata are overlain by the sandstones of the
Golden Valley Formation of Eocene age and this is, in turn,
overlain by the White River Group of Oligocene age.

Light-

colored bentonitic clays, siltstones and volcanic ash of the
White River Group cap some of the highest buttes of the area.
Denson and Gill (1965) report the Ankaree Formation of
Miocene age capping White Butte, the highest point in North
Dakota.
Climate
According to Koppen's classification of climates, south
western North Dakota has a Steppe or semi-arid climate, which
is dry both summer and winter (Pettersen, 1958).

North Dakota

is included within the Plains Precipitation Regime, which is
characterized by dry winters, monthly precipitation levels of
less than one inch, rainfall restricted to the period from
April through June, and most of the precipitation in the form
of showers and thunderstorms.
The average annual precipitation recorded at five stations
within the study area ranged from 14.66 to 15.80 inches

(Bavendick, 1952).

North Dakota receives less precipitation

in the form of snow than any other state with November to
March temperatures averaging below freezing.

As a result,

winters without snow cover are not unusual.
The mean January temperature ranges from 12-14 F., and
those of July range from 58-70 F.
approximately 120 days.

The growing season is

According to Bavendick (1952) evap

oration from a free water surface in the western part of
the state is nearly three times the annual precipitation.
The weather throughout southwestern North Dakota was
abnormally wet and cool during the spring and summer of 1964
and 1965.

The intervening winter was inclement, with several

severe blizzards and below normal temperatures.

The climat

ological data collected by the United States Weather Bureau
(1964, 1965) indicated the degree that the weather departed
from the Clino (Climatological Normal) during this period.
Annual average precipitation in the southwest was 16.83
inches, or 1.46 inches above Clino in 1964, and 18.03 inches,
or 2.88 inches above Clino in 1965.

In 1964, approximately

11 inches of precipitation were recorded for the period from
June through August in the southwestern portion of North
Dakota.

In June alone, 7.03 inches fell at Amidon in Slope

County.

Precipitation was above average from April through

August in 1965, with an average of 14.80 inches falling in the
southwest during that period.

Temperatures were generally below normal throughout the
period of the field investigation.

Mean monthly temperatures

were below normal from August of 1964 through September, 1965..
During this period, December, 1964 and March, 1965 were
exceedingly inclement, and the mean monthly temperatures were
13.9 and 12.6 F. below their respective monthly Clino.
The winter of 1964-1965 was probably the most severe
since the winter of 1886-1887.

Blizzards occurred in every

month from November through May, with the most severe storm
occurring in the southwest on December 13, 1964.

Temperature

of -20 F. or colder were accompanied by winds of at least
50 miles per hour.
Vegetation patterns
The study area is within the Grassland Biome, and can
generally be characterized as being mixed-grass to shortgrass prairie, developed over a residual loamy Chestnut soil
in response to the semi-arid climate.

Within the badlands,

steep slopes may be devoid of vegetation or covered with
juniper (Juniperus spp.) and wolfberry (Symphoricarpos
occidentalis), while the bottomlands may be dominated by
sagebrush (Artemisia spp.) or cottonwoods (Populus deltoides)
If the principles of Merriam's life zone classification
are applied, the eastern portion of the study area is within
the Transitional Zone, while the area on both sides of the
Little Missouri River in Bowman, Slope, Go.!den Valley, and
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Billings Coun :ies is within the Upper Austral (Upper Sonoran)
Zone (Bailey, 1926).

One-third of the study area is included

within the Uppe r Austral Zone.
Hanson and Whitman (1938) have classified the grasslands
of southwestern 'Sforth Dakota into several major types.

The

most dominant of these is the grama-needlegrass-sedge type,
characterized by the dominant species;
gracilis) , needle -and-thread (Stipa

blue grama (Bouteloua

co,mata) , and sedge

(Carex spp.) . Jui egrass (Koleria crist.ata) , western wheatgrass
(Agropyon smithii) , goosefoot (Chenopodium leptophyllum),
fringed sagebrush (Artemisia friqida), and little bluestem
(Andropogon scopar .us) are of secondary importance.

This

type is found on upland plateaus and gentle upland slopes.
The second rao.it important plant association found by
Hanson and Whitman (1938) was the wheatgrass-grama-sedge
grassland type.

Tiis is dominated by blue grama, western

wheatgrass, and sedge (C. filifolia) ;

it covers the long

gradual slopes and valley fills.
The sagebrusl type of grassland is an important community
along the Little I.issouri River and on the terraces and floodplains of the man r intermittent streams in the Badlands.
The dominant species are silver sagebrush (A. cana) and
feather bunchgra is (S_. viridula) . A big sagebrush type
plant association is found on the floodplain of the Little
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Missouri River in Bowman and Slope Counties.
dominated by big sagebrush (A. tridentata).

This type is
Cottonwood

groves also occur along the Little Missouri River and its
larger tributaries.

Brushy coulees and depressions in

upland pastures are often dominated by wolfberry, plum
(Prunus americana) , chokecherry (]?. virginiana) , and skunkbrush (Rhus trilobata) (Nelson, 1960) .
A ponderosa pine (Pinus ponderosa) forest of approxim
ately 4,300 acres and a small stand of limber pine (P. flexilis)
are found on the upland slopes of the Little Missouri River
in Slope County.

According to Nelson (1960), the steep

north and northeast facing slopes of buttes are generally
dominated by Rocky Mountain juniper (Juniperus scopulorura),
dwarf juniper (J. communis);, and wolfberry.
The study areas
Two specific study areas were established in southwestern
North Dakota, to investigate the movement, home range, habitat
utilization, and behavior of jack rabbits (Fig. 1).

Invest

igations were carried out on the principal study area. Study
Area A, during the summers of 1964 and 1965.

Study Area B,

a secondary and smaller study area, was utilized only during
July and August, 1965.
Study Area A (Fig. 2) was comprised of nine sections of
rolling mixed-grass prairie and cropland, directly south of
the Chalky Buttes in central Slope County.

It included

C o rn
P a s tu re

Figure 2.

Map of Study Area A indicating land use practices.
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Sec. 1-3 and Sec. 10-15, T. 133 N., R. 101 W. , and was
primarily pasture and prairie hayland.

Adjacent to these

grasslands were fields of wheat, summer fallow, corn, and
alfalfa.
The topography is gently rolling, sloping south and
west away from the Chalky Buttes and White Butte.

The elev

ation of the area is approximately 2700 feet above sea level;
a maximum variation in relief of about 50 feet, not consid
ering the small butte in Section 2 was observed.

The area

is transected by a drainage system from the Chalky Buttes
and White Butte.

These intermittent streams have cut

moderately deep gullies or coulees within the area.
The grassland areas were much like the grama-needlegrasssedge type described by Hanson and Whitman (1938).

The

dominant species were blue grama, needle-and-thread, feather
bunchgrass, junegrass, western wheatgrass, fringed sagebrush,
silver sagebrush, prickly pear (Opuntia sp.) and buffalo
grass (Buchloe dactyloides).

Buffalo grass was by no means

common, however where present it was the dominant form.
Thick brushy cover dominated the coulees in Sections 1,
2, 10, and 11.

The dominant species were wolfberry, western

wild rose (Rosa woodsii) , and sedges.
Study Area B (Fig. 3) was situated to the east of the
Chalky Buttes in east-central Slope County, and included all
of Sec. 24, T. 134 N . , R. 101 W.

It lies in a gently sloping

T.134N.
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Figure 3.

Map of Study Area B indicating land use practices.

valley flanked by the Chalky Buttes on the west and White
Butte on the southeast.

Drainage is to the northeast along

two coulees thence into the Cannonball River drainage system.
Over half of the area was devoted to wheat and weedy summer
fallow, while the remainder was pastureland.

The pasture-

lands were much like those described for Study Area A; how
ever, silver sagebrush, prickly pear, and buffalo grass were
not as common in this area.

Wolfberry dominated the bottoms

of portions of the two coulees, while sik^r sagebrush pre
dominated on the slopes.

MATERIALS AND METHODS

The investigation of the various aspects

of the ecology

and life history of the white-tailed jack rabbit in North
Dakota required the application of widely diversified methods.
For ease of presentation, these have been separated into
three distinct procedural phases:

the collection, live-

trapping and habitat investigations, and laboratory exam
inations .
Collection phase
Monthly collections of jack rabbits were made throughout
North Dakota between April 1964 and December 1965.

The

greatest effort was concentrated in the southwestern portion
of the state where jack rabbits were more abundant.

Efforts

were made to collect a minimum of 30 to 40 jack rabbits each
month throughout the term of the study.
Jack rabbits were collected by shooting with 22 caliber
rifles or with shotguns, usually between 1500 - 0300 hours.
After dark, animals were located with a six inch 12-volt
spotlight operated from a vehicle traveling between 15 and 20
miles per hour.

Occasional fresh road-kills found in the

course of the study were collected and utilized.

The time,

location, date, habitat, and method of acquisition were
recorded for each jack rabbit collected.
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Females collected during the breeding season were
immediately examined to determine stage of pregnancy.
Caesarean sections were performed on any females found to
be full or near-full term.

The young thus obtained were

hand reared in order to obtain information on growth and
development.

A mirk formula of one part Similac and one part

water was fed to young rabbits for the first three weeks.
Fresh greens and commercial rabbit pellets were provided at
all times.
/
Jack rabbits were processed at the earlxest opportunity,
usually no later than four hours after collection.

Sex,

weight, standard measurements, and the estimated age of each
animal were recorded on prepared field forms.

The left

humerus was then removed from each animal, cleaned of excess
muscle, tagged with an aluminum tag bearing the field number,
and dried for later study.

The left eye was carefully ex

tracted from the socket, preserved in 10 per cent formalin,
and stored for future study.

In the event that either the

left humerus or eye was damaged, the right one was collected.
Post-mortem examinations were conducted and pertinent
information on general condition, reproductive state, para
sitism, and disease was recorded for future reference.

The

reproductive tracts were examined in situ, removed, preserved
in 10 per cent formalin, and stored for subsequent study.
Ecto- and endoparasites were collected and preserved for future
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identification.
Data and specimens were returned to the University of
North Dakota for evaluation and further study.

All data

were transcribed on specially prepared Form KS 581B Royal
McBee Keysort cards (Fig. 4), to facilitate final analysis.
Live-trapping and habitat phase
Investigations of movement, home range, behavior, and
habitat utilization were conducted on Study Area A (Fig. 2)
during the summer of 1964 and 1965, and on Study Area B
(Fig. 3) during the summer of 1965.

The dominant vegetation

forms present in these areas were determined by visual in
spection;

field maps showing land use and cover were pre

pared.
Jack rabbits were trapped on the two study areas using
12 National 15X15X40 inch live traps, supplemented with 7
National 9X9X24 inch live traps.

These were set and rebaited

each afternoon and checked early the following morning.

Apples,

lettuce, alfalfa, corn, wheat, and rabbit urine were used as
baits.

Traps were periodically relocated in order to obtain

maximum coverage of the study areas.
were used to improve trap success.

Various modifications
These included the covering

of traps with sagebrush and burlap, and the placing of "leads"
of woven wire in such an arrangement as to direct movement
of jack rabbits toward the trap entrances.

CT>
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Figure 4.

Keysort punch card for data analysis

66

Each jack rabbit captured was removed from the trap byplacing a large burlap bag over one entrance and running the
animal into it.

The sex and weight of each animal were

recorded, and age was estimated as adult or juvenile on the
basis of size and weight.

A No. 3 fingerling tag bearing

a three digit number and the symbols N.D.G.&F. was attached
to the right ear.

Another identifying number was tattooed

into the center of the right ear, using a Weston Pet Tattoo
tool.
In order to visually identify jack rabbits released on
the study area, a 70 X 90 mm. red plastic fabric tag, with
yellow or silver Scotchlite symbols, was attached to the left
ear of each animal.

This tag was attached by folding it over

the posterior border of the ear and sewing it to the ear
with nylon thread in the manner described by Plenert (1962).
The symbol system used to identify individual animals was a
modification of that described by Fashingbauer (1962) for use
on deer.
During the months of February, March, and April of 1965,
jack rabbits were live-trapped in a wildlife tree planting
south of Scranton in Bowman County.

These were returned to

the University of North Dakota and were used as models to
design a satisfactory radio harness to be used in a radio
telemetry movement study the following summer.

In add.itj.on,

daily observations provided behavioral and breeding data.
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Prior to the radio-telemetry study of jack rabbit move
ment, Study Area A was surveyed using an alidade and plane
table.

Wooden stakes, with yellow reflective highway paint

and identifying numbers, were sunk into the ground at all
surveyed locations, to be used as fixed stations for taking
telemetric bearings.
The equipment used in this study was obtained from
Sidney L. Markusen, Electronic Specialties, Cloquet, Minnesota,
and is similar to that used by Marshall (1964) in movement
studies on ruffed grouse.

The portable VHF tracking receiver

is specifically built for use in tracking animals and is
capable of receiving six channels in the 151.010 - 151.085
megacycle range.
roughly 6 X 2

The VHF radio transmitter assemblies are

centimeters in size and weigh

including the batteries and harness.

37 to 40 grams

These transmitters

have a range of up to two miles under optimum conditions and
a battery life of 60 days.
The radio harness was constructed from a strip of plastic
upholstery fabric 1.5 inches wide and 16 inches in length, and
cut as indicated in Figure 5-A.

In order to minimize tearing

of the fabric, a circular hole was punched at the head of
the central cut.
Before a radio transmitter was fitted on a jack rabbit,
it was connected to its power source and taped securely to
the harness with plastic electrical tape as indicated in
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Figure 5-B.

Additional tape was wrapped around the radio

and harness to insure that the radio would remain in place.
Harnesses were fitted to rabbits by passing the two
anterior straps of the harness forward over the shoulders
from the base of the neck and then between the forelegs.

The

straps were crossed on the chest and passed dorsilaterally
to meet the posterior tab of the harness as shown in Figure
6.

The two straps were stapled to this tab after making

sure that the harness was properly fitted.

The loose ends

of the straps were trimmed off and covered with a piece of
tape to prevent them from becoming entangled in fences or
vegetation.
Animals fitted with radios were tracked periodically
throughout each 24 hour period.

Each jack rabbit was located

from a fixed bearing station with a directional antenna and
the VHF receiver.

The direction of the strongest signal was

determined using a Brunton compass and recorded along with the
station number, time, and weather conditions.

A second reading

was then taken from a nearby fixed station which provided a
satisfactory base line.

After determining the direction of

the strongest signal, the bearing and time were recorded.
Using these data, the locations of individual jack rabbits were
determined by triangulation.

Figure 6.

Radio harness configuration
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Laboratory examinations
Humeri and eyeballs collected in the course of the field
investigation were processed to determine whether aging tech
niques for other species could be applied to the white-tailed
jack rabbit.
Dried humeri were macerated for a short time, then intro
duced into a dermestid beetle colony, and left until clean of
muscle and connective tissue.

They were then examined to

determine the degree of epiphyseal closure (Hale, 1949), and
grouped into three age classes following the criteria estab
lished for the black-tailed jack rabbit by Lechleitner (1959).
To determine if the length of the humerus might be
useful as an age criterion, the length of each humerus was
measured between the proximal bicipital groove and the distal
notch medial to the capitulum and the trochlea.
The lenses were removed from the eyes and processed
following a modification of Lord's (1959) technique.

Pilot

experiments were carried out to determine the drying time
required to bring all lenses to constant weight, when held
at 110 C.

Following these experiments, all lenses were dried

in a Dispatch oven at 110 C. for 96 hours.

The individual

lenses were then removed from the oven and

ighed to the

nearest 0.0001 gm. on a Mettler H-6 analytical balance.

Since

dried lenses had hygroscopic properties and would gain weight
by absorbing moisture from the air, only one at a time was
processed.
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The reproductive condition of males was determined by
testicular and epididymal weights and smears.

The left

and right testes and epididymi were weighed to the nearest
0.1 gm. on an Ohaus Dial-o-Gram triple beam balance, and the
weights recorded.

Sperm smears from one testis and epididymis

were prepared, air-dried, and stained with Giemsa blood stain.
Sperm counts were made following the system used by Plenert
(1962).

Sperm smears were classified 0 = no sperm;

occasional sperm;

2 = frequent sperm;

4 = masses of sperm.

1 =

3 = many sperm;

Males with epididymal sperm counts of

3 or 4 were considered capable of inseminating.
Ovaries were weighed on a Roller-Smith precision bal
ance to the nearest 0.01 gm. and an index of ovary size was
obtained by measuring the width and length with a calipers
after the method of Lechleitner (1959).

Ovaries were sec

tioned macroscopically with a razor blade utilizing the
technique of Cheatum (1949).

One millimeter serial sections

were cut longitudinally and across the plane of greatest
width.

The number of corpora lutea, corpora ablicantia, and

rupture sites were recorded.

Occasionally a few drops of Geirasa

blood stain were placed on ovarian sections to improve the
visibility of poorly defined corpora.
The macroscopic embryos in each uterine horn were counted,
sexed when possible, weighed, and measurements were taken.
The age of embryos was approximated by the comparison of
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their developmental characteristics with those determined for
the varying hare by Bookhout (1964).

Assuming that develop

ment would be similar in the varying hare and the white-tailed
jack rabbit, an estimate was made of prenatal age by conver
sion from the 37 day varying hare gestation period to an
estimated 42 day gestation period for the white-tailed jack
rabbit;

a value previously used by Kline (1963).

Data thus

obtained were used to determine conceptional and parturitions!
peaks.
The uteri were examined and the number of placental
scars and evidence of resorption were recorded.

Non-pregnant

animals were considered parous if linear striations were
apparent on the uterus.

RESULTS AND DISCUSSION
Collection of data
A total of 836 white-tailed jack rabbits were collected
from 24 counties in 21

-onsecu

e months between April, 1964,

and December, 1965 (Fig. 7, Table 1).

A total of 740, or

88.52 per cent of these animals, were taken from the seven
county study area in southwestern North Dakota.

The number

of jack rabbits taken each month ranges from a high of 111
in June, 1964 to a low of 11 in October, 1965 (Table 2).

An

average of 39.8 animals per month were collected during the
period of the study.

During the spring and summer of 1964

and 1965, 26 young hares were obtained by Caesarean section,
and three were hand caught.

These animals were raised to

various ages, ranging from 1 to 207 days.
A total of 1856 trao-nights resulted in 16 captures in
volving 14 jack rabbits.

Of the 13 trap successes during the

summer of 1964 on Study Area A, one rabbit was found dead in
the trap, two escaped during handling, eight were tagged and
released, and two represented recaptures of the same tagged
animal.

The three jack rabbits trapped on Study Area A during

the summer of 1965 were fitted with radio transmitters and
radio tracked for a total of 15 days.

No animals were captured

in 108 trap-nignts on Study Area B during 1965.

Trap success

was 2.37 jack rabbits per 100 trap-nights in 1964, and .23 per
100 trap-nights in 1965.

Figure 7.

The number of white-tailed jack rabbits
counties between April, 1964 and Decembe collected from North Dakot a
r, 1965.
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Table 1.

County collections of jack rabbits for the period
April, 1964 through December, 1965.
Year

County
Bowman
S lope
Hettinger
Adams
Billings
Morton
Stark
Grand Forks
Sargent
Golden Valley
Pierce
Mountrail
Dunn
Burleigh
Dickey
McLean
Stutsman
Gra.it
McHenry
McKenzie
Burke
Divide
Kidder
Nelson

Total

Total

1964

1965

259

86

1.12

79
48
25
21
8
11
5
3
1

48
12
13
14
7
8
8
8

345
201
96
37
34
22
18
13
11
9
7

3
5
2
1
3
4

4
1
4
5
2
0

6
6
5
4

0
3

4
0

0
2

3
0
1

4
3
3
2
1

0

0
0
1

1
1
1

524

312

836

0
1
1

6
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Table 2.

Monthly jack rabbit collection data for the
y
1965.
period April, 1964 through Dec
Year
o m V
V—• 111

Month

1964

'Q
*— ■*-

/

1965

Total

J anuary

16

16

February

36

36

March

46

46

April

54

41

95

May

79

22

101

June

111

26

137

July

53

38

91

August

68

34

102

September

29

12

41

October

37

11

48

November

62

13

75

December

31

17

48

524

312

836

Total

Male reproduction

During the period of study, the testes of North Dakota
jack rabbits were observed to be scrotal from December until
late July or early August, and abdominal from late August
or September through November.

Cryptorchid animals were

shot occasionally during the breeding season.

This may be

attributed to the retraction of the testes through the patent
inguinal canal when jack rabbits are excited or in shock.

The

inguinal canal appears to remain patent throughout life in
the white-tailed jack rabbit;

a condition previously described

by Lechleitner (1959) in the black-tailed jack rabbit.

There

fore, the position of the testes, with relation to the scrotum,
was not considered to be a reliable indicator of breeding
condition.
The scrotal sacs of many older Age Class III animals
were observed to have developed a dark blue to black color,
and appeared to be covered with less hair than those of
younger adults.

Lechleitner (1959) observed

a similar

condition in many Age Class II and most Age Class III black
tailed jack rabbits.

He indicated that "the dark blue scrotal

sac is an almost perfect indicator of an older animal."
The monthly variations in the weights of testes and
epididymi in adult jack rabbits are shown in Figures 8 and 9.
Both testes and epididymi demonstrated definite annual cycles
with respect to their weights.

Both organs were reduced in
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Monthly variation in the mean testicular weight, of
the white-tailed jack rabbit in North Dakota.
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MONTH O F Y E A R

Monthly variation in the mean epididymal weight of the white-tailed
jack rabbit in North Dakota.

size, and the testes were very flaccid, betweer August and
December.

In January the testes became more turgid, and

both testes and epididymi increased in weight.

These weights

increased rapidly through February and became maximal in
March and April respectively.

The testes remained turgid from

March through June, although a slight decrease in weight was
evident;

they

became flaccid by the later half of July.

The range of testicular weight (Fig. 8) varied consid
erably in July.

This may be the result of including testic

ular weights from animals collected early in the month while
the testes were still turgid, with those taken late in July,
when testes had begun to regress.

This regression occurred

rather rapidly, and testes became flaccid within a period
of two to three weeks.
The monthly fluctuations in the testicular and epididymal sperm counts are shown in Tables 3 and 4 respectively.
\

Sperm production gradually increased through January and
February, attained maximum between March and June, and de
creased in July.

The number of sperm in the epididymis was

used as a criterion for breeding condition, since the presence
of mature sperm in this organ was more indicative of breeding
capacity than the presence of sperm in the testes.

Furthermore

it was more difficult to prepare uniform smears from testic
ular material.

This may account for the low testicular sperm

Table

3.

M o n t h l y testicular
1964-1965.

Year Month
1964 April
May
June
July
August
September
October
November

Animals
Examined

i
Sperm count'*'
1
2
3

37

19

20
58
10
7
4
5
7

11

18
42

2

1

December
1965 January

5
11

February
March

14
21

April
May
June
July
August
September
October
November
December

21
9
14
4
3
1

Total

o

sperm counts

3
0
0

2
2
4
5
7

1
5
5

for years

4
18
2
4

5
6

100
100
79
10
0
0
0
0
0

4

1
7

1

Per Cent2
Reproductively
Active

1

0

4

7
17

5

12

2

9

1
1

2

1

50
4
9
3
4

81
76
100
86
100
0
0

254

Sperm count criteria: 0=no sperm, 1 = occasional sperm,
2 = frequent sperm, 3 = many sperm, 4 = masses of sperm.
2Males with sperm counts of 3 or 4 were considered to
be reproductively active.

T a b l e 4.

M o n t h l y epidi d y m a l
1964-1965.

Year Month

Animals
Examined

1964 April
May
June
July
August
September
October
November
December
1965 January

37
20
58
10
7
4
5
7
5
11

Sperm count^1 2
3
4

1
5

2
2

1
4

100

20
57
3

100
100
70
0
0
0
0
0
0

5
3

Per Cent22
Reproductively
Active

37

4
5
7
5

for years

3
9

93

21
21

21
21

100

9
14
4

9
12

February

14

March
April
May
J une
July
August
September
October
November
December
Total

0

spe r m counts

3
1
3
0
0

1

1
1

4

2
4
1
1

1
2

100
100
100
100
33
-0

254

Isper.n count criteria: 0 = no sperm, 1 = occasional sperm,
2 = frequent sperm, 3 = many sperm, 4 ** masses of sperm.
2Males with sperm counts of 3 or 4 were considered to be
reproductively active.

counts made during March and April, 1965.

Epididymal and

testicular sperm counts from the same animals did not agree,
perhaps for this reason.
Apparently some juvenile males reach sexual maturity
during the breeding season in which they were born.

Four

juveniles were found to have epididymal sperm counts of
3 and 4 in late July, August, and October.

Although such

animals may be sexually mature, it is doubtful that they
actively participate in breeding until the following year.
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Female reproduction
Although juvenile males almost attained sexual maturity
toward the end of the breeding season in which they were born,
no evidence of breeding capacity was found in females of
similar age.

The ovaries of juveniles consisted primarily

of interstitial tissue, and follicles were seldom seen in
macroscopic examination.

Ovarian follicles appeared to

mature in continuous waves in adult animals.

Rupture sites

appeared as cone-like projections on the surface of the
ovary;

the resulting corpora lutea may or may not protrude

from the surface.
The ovaries of the white-tailed jack rabbit varied in
size and weight seasonally (Fig. 10).

The weight and ovarian

index (product of ovarian length and width) increased sharply
between February and March.

This may indicate that breeding

has occurred, and apparently was the result of the maturation
of follicles and corpora lutea formation.

Weight and ovarian

index decreased toward the end of the breeding season and
remained low throughout the fall and early winter.
The comparison of the mean ovarian weights of pregnant
and non-pregnant parous females during the breeding season
indicated that ovarian weights may undergo minor fluctuations
due to the stage of the reproductive cycle.

The mean ovarian

Weights of pregnant and non-pregnant parous females were
0.875 and 0.725 grams respectively.

Although no significant

OVARIAN
IN D E X

Figure 10.

Monthly variation in the mean ovarian weight and index of the white
tailed jack rabbit in North Dakota.
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difference could be demonstrated between these means (t =
1.36; p = Q.05), ovarian weights appeared to fluctuate with
the number and size of the corpora lutea.
Non-parous uteri were smooth in appearance and compact.
During the first pregnancy, the uteri enlarged greatly, and
a series of longitudinal striations developed in the muscular
uterine wall;

a condition previously reported in the black

tailed jack rabbit (Lechleitner, 1959).

These striations

apparently remain throughout the life of the animal, and may
be useful in distinguishing juvenile from adult females between
August and February.

The absence of these striations Wc.^

considered indicative of a virgin juvenile animal.

Following

each pregnancy, the uteri regressed considerably and approached
the size of the non-pregnant non-parous uteri.

The cycle of

enlargement and regression was repeated with each pregnancy.
However, the uteri shrunk and remained small at the end of
the breeding season, or if no subsequent pregnancy occurred.
While placental scars could be identified

in the uteri

of most non-pregnant, parous animals, only those of the last
litter could be counted with confidence.

In gravid females,

it was difficult to determine the number of scars from pre
vious litters since the uteri were greatly distended.
Only one case of transmigration was observed in 128 litter
examined.

This involved the migration of a single ovum

across the body cavity from the right ovary to the left
ostium.

It is possible, however, that transmigration may
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have occurred in pregnancies which had suffered prenatal
loss, and therefore went undetected.
Although the gestation period of the white-tailed
jack rabbit is unknown, data from closely related species
suggests that it is approximately 40-42 days (Severaid, 1945;
Haskell and Reynolds, 1947; Reynold and Stinson, 1959; Dodds,
1965).

In the present study, a gestation period of 42 days

was assumed; a value previously utilized by Kline (1963) .
Assuming a gestation period of this duration, the prenatal
age of all macroscopic embryos was estimated by extrapolating
from aging criteria (Appendix I) established for the varying
hare by Bookhout (1964) .
Several lines of evidence indicate that synchronous
breeding may occur in North Dakota jack rabbits.

Peaks of

nuptial chasing, similar to those described for the white
tailed jack rabbit in Iowa (Kline, 1963), were observed in
North Dakota jack rabbits.

Furthermore, the examination of

gravid uteri collected in any one week indicated that all
pregnancies in the population were approximately at the same
stage of gestation.
For further verification of this hypothesis, the estimated
prenatal ages of litters and dates of collection were used to
determine when conception and parturition would have occurred.
These dates fell into definite periods of reproductive activity
(Fig. 11), and four distinct conception and parturition periods

1964
Conception Peaks Parturition Peaks Non-pregnancy
M

'

A

'

M

1

J

!

J

1

A

1

S'

A off phase pregnancy
o resorbing entire
litters

196 5
Conception Peaks
Partuntion Peaks
Non-pregnancy
F
Fiyure 11.

1

M

T~

A

1

M

1

Month of Year

J

1

J

1

A-

1

Conception and parturition peaks extrapolated from the developmental
state of prenatal young. Non-pregnancy indicates those periods when
visible evidence of pregnancy was not apparent, Out of phase pregnant
and non-pregnant individuals indicate losses of entire litters. Arrows
indicate the breeding sequence.

S
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were discernable in the 1964 and 1965 breeding seasons.

No

litters were observed to be developing independent of these
periods.

Furthermore, the coincidence of the first, second,

and third parturition periods with the second, third, and
fourth conception periods suggested that jack rabbit repro
duction in North Dakota is indeed synchronous.
The overlap of parturition and conception periods also
implies that the white-tailed jack rabbit in North Dakota
undergoes a post-partum heat,

a condition previously reported

in the black-tailed jack rabbit (Lechleitner, 1959).

In act

uality, post-partum heat may be the reproductive characterist
ic which insures breeding synchrony in the population.
Breeding began in late February or early March, and
litters were born in the later half of April, early June,
mid-July, and late August or early September.

The earliest

(February 27) and the latest (July 24) conception dates
indicate that the breeding season in North Dakota is approx
imately 148 days in length.
It would appear that all adult females in the population
were pregnant during the first three littering periods, since
no non-pregnant, non-parous animals were collected after
mid-March, and non-pregnant parous females were collected only
during the breeding peaks when litters were being born and
conceived.

All non-pregnant parous animals were lactating ana

their uteri were enlarged and striated, indicating that they
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had recently produced a litter.

These females may or may not

have been pregnant since embryos less than

10

days gestation

are difficult to detect and recover.
The fourth littering period is of special interest since
only a portion of the females in the population appear to
reproduce at this time.

Assuming that the ratio of pregnant

to non-pregnant parous females collected following conception
of the fourth litter is representative, the percentage of
females producing a fourth litter may thus be estimated.
total of nine pregnant and

22

A

non-pregnant parous animals

were collected after fourth litters were conceived.

Provided

the original assumption is valid, these data indicate tha429.0 per cent of the females in the population produce a
fourth litter.
Using this estimate, adult females were estimated to
produce 3.29 litters per year (3.00 + 0.29).

Gestation period

and the length of the breeding season may also provide an
estimate of the number of litters produced annually.

Assuming

a breeding season of 148 days and a gestation period of 42
days, a continuously breeding female will produce 3.5 litters
per year (148/42).

These estimates of the number of litters

produced annually were derived by diverse methods, and are
fairly close in agreement.
Litter sizes ranged from one to nine, with a mode of
five young per litter (Fig. 12).
embryo counts was 4.594 (Table 5).

Mean litter size, based on
There was an annual

N U M B ER O F L I T T E R S

LITTER
Figure 12.

SIZE

Frequency distribution of litter size of the white-tailed jack rabbit.
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Table 5.

Litter sizes in the white-tailed jack rabbit
in North Dakota, 1964-1965.
Litter
Number

Year
1964

nl

Total Embryos

1

7

35

5.000

2

43

238

5.535

3

20

74

3.700

4

4

16

4.000

74

363

4.910

1

27

113

4.185

2

9

47

5.222

3

13

51

3.923

4

5

14

2.800

Sub-total
1965

Sub-total
1364-1965

Grand Total

Mean
Litter Size

54

225 -<

4.166

1

34

148

4.353

2

52

285

5.481

3

33

125

3.787

4

9

30

3.333

128

588

4.5 94

f.ti

In = the number of litters.
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variation of from 4.910 in 1964 to 4.166 in 1965.

Furthermore

a seasonal variation was indicated when the counts of indiv
idual littering periods were considered.

Litters were largest

during the second peak, followed by a decline in litter size.
The annual production of young animals can be estimated
by two methods.

The simplest estimate may be determined as

the product of the average annual litter size and the number
of litters produced.

Using this method, the mean annual

production for the period of the study was estimated to be
15.114 young/female/year.

This approach assumes that females

produce an average number of young each littering period.
However, since litter size varies seasonally, this estimate
may be higher than the realized production.
A second method allows for seasonal variation in litter
size.

If all adult females breed during the first three

littering periods, and only 29 per cent breed a fourth time,
the annual production may be estimated by summing the average
litter sizes for the first three litters (Table 5), and 29
per cent of the fourth.

Using this method, the annual litter

production for the term of the study was calculated to be
14.588 young/female/year (4.353 + 5.481 + 3.787 + (3.333 X
0.29).

This would be a more conservative and probably more

realistic estimation of production.

The production for 1964

and 1965, estimated in this manner, were 15.395 and 14.142
respectively.

These values would indicate that production

in 1965 was 8.14 per cent below that of 1964.

95

To determine whether reproductive capability varied
with age, the productions of Age Class II and Age Class III
were compared.

Tables

6

and 7 show the litter production of

each age class for 1964, 1965, and the total production for
the term of the study.

These data indicated that the average

litter size was approximately the same for both age classes.
However, the initial litter of any females breeding for the
first time appeared to be smaller than the first seasonal
litters of experienced females.

The third and fourth litters

of Age Class III animals were considerably smaller than those
of Age Class II animals.

However, such differences may be

due to small sample sizes.
Several investigations have indicated that the left
uterus usually contains a significantly greater number of
embryos than the right, or the left ovary sheds more ova
than the right (Asdell, 1946; Mossman, 1955; Valentincic, 1956;
Tiemeier, 1965).

These phenomena were not apparent in the

white-tailed jack rabbit in North Dakota (Tables

8

and 9).

Corpora lutea and embryo counts revealed no significant
differences in ova shed or young produced between the left
and right ovaries and uteri (p = 0.05).
Prenatal mortality may occur as pre-implantation loss,
death and resorption of individual embryos, or loss of entire
litters

by resorption or abortion.

Pre-implantation and

resorption losses were estimated by comparing the number of
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Table

6

. Average litter size of Age Class II white-tailed
jack rabbits in North Dakota, 1964- 1965.

Year

Litter
Number

n1

1964

1

5

22

4.400

2

39

160

5.333

3

13

51

3.923

4

2

11

5.500

50

244

4.880

1

14

54

3.857

2

5

26

5.200

3

7

30

4.285

4

3

11

3.666

29

121

4.172

1

19

76

4.000

2

35

186

5.314

3

20

81

4.050

5

22

4.400

79

365

4.620

Sub-total
1965

Sub-total
1964-1965

4
Grand Total

In = number of litters.

Total Embryos

Mean
Litter Size
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Average litter size of Age Class III white-tailed
jack rabbits in North Dakota, 1964-1965.

Table 7.

Mean
Litter Size

Year

Litter
Number

n

1964

1

2

13

6.500

2

13

78

6.000

3

7

23

3.280

4

2

5

2.500

24

119

4.958

1

13

59

4.538

2

4

21

5.250

3

6

21

3.500

4

2

3

1.500

25

104

4.160

1

15

72

4.800

2

17

99

5.824

3

13

44

3 .384

4

4

8

2.000

49

223

4.551

Sub-total
1965

Sub-total
1964-1965

Grand Total

ln

=

1

number of litters

Total Embryos

98

Table

8

.

Comparison of the number of live embryos
in the left and right uteri of pregnant females.

Year

Number of
Litters

Live embryos
left uterus

Live embryos
right uterus

Total

1964

77

192

185

377

1965

56

114

115

229

Total

133

306

300

606

Chi 2 = 0.0594

Table 9.

Comparison of the number of ova shed by the left
and right ovaries in pregnant and non -pregnant
parous females.

Year

Number of
Animals

1964

110

306

282

588

1965

70

210

211

421

Total

180

516

493

1009

Ova shed-*left ovary

Chi2 = 0.5242

l()va shed = corpora lutea.

Ova shedl
right ovarv

Total

99

corpora lutea with the number of live and resorting embryos.
For the purpose of this study, the number of corpora lutea
observed were assumed to equal the numbers of ova shed.
Therefore, pre-implantation loss was defined as the difference
between the number of corpora lutea and the total number of
living and resorbing embryos.
The estimated prenatal mortalities resulting from the
failure of ova to implant and the resorption of embryos in
1964 and 1965 were 10.371 and 34.210 per cent of all ova
shed respectively (Table 10).

The pre-implantation losses

in 1965 were approximately four times as great as the losses
observed in 1964, while resorption losses in 1965 were
approximately 67 per cent greater than in 1964.

During the

term of study, the average prenatal losses resulting from
these causes were 21.236 per cent of all ova shed.

These

data indicate that an average of 33.266 per cent of all ova
survived to implant and 78.714 per cent survived to become
live embryos.
Lechleitner (1959) noted that pre-implantation losses
so determined may be slightly in error, since follicles which
do not rupture, may luteinize and be mistaken for true corpora
lutea.

He observed a seven per cent difference between the

number of corpora lutea and rupture sites in the black-tailed
jack rabbit.

Table 10.

Year

Prenatal mortality in the white-tailed jack rabbit.

T
•l j_
Litter
Number

1964

Grand Total

_
,.
Resorption
Loss
^
Number Per Cent

Pre-implantation
Loss
Number Per Cent

m
x. i?
Total^
Per Cent

7

54

35

1

1.852

18

33.333

35.185

2

43

252

238

8

3.175

6

2.380

5.555

3

20

83

74

6

7.228

3

3.614

10.842

4

4

16

16

0

0.000

0

0.000

0.000

74

405

362

15

3.704

27

6.667

10.842

1

27

206

113

9

4.369

84

40.778

45.145

2

9

49

47

2

4.081

0

0.000

4.081

3

13

69

51

8

11.594

10

14.493

26.037

4

5

18

14

0

0.000

4

22.222

22.222

54

342

225

19

5.555

98

28.655

34.210

128

747

588

34

4.552

125

16.734

21.286

J-Ova shed determined from corpora lutea counts.
2Total Per Cent = sum of resorption and pre- implantation losses.

100

Sub-total

Live
Embryos
t

1

Sub-total
1965

,
^ ^
1
Number
of
Ovax
Animals Shed

101

During the term of the study, resorption was observed in
24 litters and involved 34 embryos.

Table 11 shows che

distribution of these losses, with respect to the term of
gestation in which they occurred.

These data indicate that

resorption affected 18.75 per cent of all litters, and that
21.88

per cent of the females less than half term were resorb

ing embryos, while only 15.63 of the females more than half
term were resorbing.
all ova shed, with

Resorption affected 4.55 per cent of

2.68

per cent of the ova shed being

resorbed in the first half of gestation, and 1.87 per cent
being resorbed in the second half of gestation.

A total of

58.52 (20/34) per cent of the resorptions occurred in preg
nancies less than half term.
Pre-implantation losses were greatest at the beginning
of the breeding season (Table 10), with 30-40 per cent of all
ova shed being lost in this manner during this period.

Re

sorption losses, however, appeared to be least in the early
litters and increased toward the end of the breeding season.
Tables 12 and 13 show the distribution of prenatal losses
with respect to age.

Comparison of age specific losses suggest*

that pre-implantation loss may be slightly more common in
Age Class II females breeding for the first time, than in
comparable spring litters of older animals which had pre
viously produced young.

However, the overall prenatal mort

ality in Age Class III animals was much higher than in

Table 11.

Stage of
pregnancy

Resorption losses according to the stage of pregnancy in the wh_te-tailed
jack rabbit.
Total
Litters

Resorbing Resorbing
Litters
Embryos

Per Cent of
Total Ova Shed
(747)

Per Cent of
Litters Resorbing

64

14

20

2.68

14/64 = 21.88

More than
half term

64

10

14

1.87

10/64 = 15.63

128

24

34

4.55

24/128 = 18.75

Total

102

Less than
half term

Table 12.

Age specific reproduction in Age Class II females •
Pre-implantation
Loss
Number Per Cent

Total^
Per Cent

1

5

36

22

1

2.777

13

36.111

38.888

2

30

167

160

5

2.994

2

1.187

4.191

3

13

53

51

2

3.773

0

0.000

3.773

4

2

11

11

0

0.000

0

0.000

0.000

50

267

244

8

2.996

15

5.617

8.614

1

14

96

54

3

3.125

39

40.625

43.750

2

5

28

26

2

7.142

0

0.000

7.142

3

7

34

30

2

5.882

0

0.000

5.882

4

3

11

11

0

0.000

0

0.000

0.000

Sub-total

29

169

121

7

4.142

41

24.260

28.402

Grand Total

79

436

365

15

3.440

56

12.844

16.284

1964

Sub-total
1965

Number of
Embryos

Resorption Loss
Number Per Cent

j-n = number of animals
2Qva shed = corpora lutea
-Total Per Cent = sum of resorption and pre-implantation losses.
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nl

Ova 2
Shed

Year

Litter
Number

Table 13.

Age specific reproduction in Age Class III females.
Ova 2
Shed

Number of
Embryos

Resorption Loss
Number Percent

Pre-implantation
Loss
Number Per Cent

Total-^
Per Cent

1964

1

2

18

13

0

0.000

5

27.777

27.777

2

13

85

78

3

3.529

4

4.705

8.234

3

7

30

23

4

13.333

3

10.000

23.333

4

2

5

5

0

0.000

0

0.000

0.000

24

138

119

7

5.072

12

8.695

13.768

1

13

110

59

6

5.455

45

40.909

46.464

2

4

21

21

0

0.000

0

0.000

0.000

3

6

35

21

6

17.142

8

22.857

39.999

4

2

7

3

0

0.000

4

57.142

57.142

173

104

12

6.936

57

32.947

39.883

311

223

19

6.109

69

22.186

28.295

Sub-total
1965

nl

Sub-total
Grand Total

49

J-n = number of animals
^Ova Shed = corpora lutea
^Total Per Cent - sum of resorption and pre-implantation losses.
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Year

Litter
Number
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younger females.

Resorption and pre-implantation loss in Age

Class III animals was approximately twice as frequent as in
younger females.
The methods used by Lechleitner (1959) and Tiemeier
(1965) in determining the loss of entire litters were not
applicable to the data collected in this study.

However, an

index of this loss may be formulated if certain assumptions
are accepted.

If the white-tailed jack rabbit is assumed

to be a synchronous breeder,

then any non-pregnant parous

animals collected between the peaks of conception and part
urition, or any pregnant animals that are out of phase, may
have lost an entire litter.

During the term of this study,

eight such non-pregnant females and one pregnant female whose
litter was estimated to be 19 days out of phase were collected
during the breeding seasons.

Within these same periods of

time, 128 pregnant animals which conformed to the synchronous
breeding pattern were collected.

If the hypothesis that these

out-of-phase animals represent the loss of entire litters is
accepted, then this loss would be approximately 7 (9/137) per
cent.

This value is slightly less than the 11 per cent loss

of entire litters reported by Tiemeier (1965) for the black
tailed jack rabbit in Kansas.

The addition of this 7 per cent

to the other prenatal losses (Table 10) would result in a
total prenatal mortality of 28.29 per cent from all causes.
The total estimated mortality for 1964 and 1965 was 17.37 and
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41.21 per cent respectively.
If prenatal mortality is disregarded and the total number
of ova shed by all pregnant females is considered, an estimate
of the reproductive potential of the female white-tailed jack
rabbit can be approximated.

Assuming no prenatal mortality

and the production of four .litters by all females in the
population, continuously breeding females in 1964 and 1965
would have a biological potential of 21.88 and 25.32 young
per year respectively (Table 14).

The average reproductive

potential for the term of the study was 23.36 young/female/
year.
The analysis of the data

collected from the North

Dakota jack rabbit population, during the term of this
study, indicated that reproduction in 1964 was more successful
in every respect than in the following year.

During 1965,

the litter size and annual production of young were much
lower than the previous year, while prenatal mortality was
considerably higher than in 1964,

There is no quantitative

evidence to explain this drastic shift in reproduction.

However,

it is highly improbable that this reproductive failure was the
result of a density-dependent social-psychological mechanism
as suggested by French,et al. , (1965), because population
levels were lower in 1965 than in 1964.

French, e_t al.,

believed that Christian's (1956) hypothesis on population
control may apply to jack rabbit populations, and that

Table 14.

The reproductive potential of the white-tailed jack rabbit in
North Dakota in 1964 and 1965.
Number of
Litters

Potential
Annual Production

5.47

4

21.88

342

6.33

4

25.32

747

5.84

4

23.36

Year

Pregnant
Females

Ova Shed

1964

74

405

1965

54

Total

128

Mean
Potential Litter
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reproductive success and population density are inversely
related.

The observation that the reproductive potential of

the white-tailed jack rabbit was greater in 1965, when
population levels were lower, indicate that it may be
density-dependent and that this potential may be modified
by prenatal mortality levels.
Although

difficult to substantiate, it would appear

that the extremely adverse weather conditions of the winter
of 1964 may have placed the population under a greater
physiological stress than that of the previous winter, and
therefore animals entering the breeding season may have been
physiologically unprepared to endure the additional stresses
of reproduction.
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Growth and development
A definite sexual dimorphism was observed in the weight
and body size of adult white-tailed jack rabbits (Table 15).
Females were generally larger and heavier than males.
mean weight for females was
mean weight for males.

122

ounces, or

20

The

more than the

In order to insure that weight

differences were not due to pregnant females in the sample,
only the v’eights of non-pregnant adults were included.

The

difference in the mean weights of males and females was
found to be significant (t = 13.33) .

The means of all body

measurements, except the ear, were found to be significantly
greater in females (Table 15).
The > onthly fluctuation in the weights of adult jack
rabbits is shown in Figure 13.

No well-defined seasonal

variation was observed in the mean weights of females;

howeve

the highest monthly mean weights were found between April
and September, and the lowest during the period from October
to March.

Monthly fluctuations in mean single weights sug

gested a pattern of seasonal change.

The mean monthly weights

of males were lowest from April through August:
season.

the breeding

These increased in September and reached a maximum

in. November.

The greatest deviation above the annual mean

occurred between September and March.
The greatest increase in female weight occurred between
March and April.

During this period, the weights of males

i

Table 15.

Mean weights and body measurements of adult male and female
jack rabbits.

Characteristic

Sex

Mean

-S .D.
15

M

Samplie
158

F

116

122

10

M

138

591

26

F

160

608

20

M

142

101

4

F

171

104

7

M

145

146

6

F

177

149

4

tyL

149

104

6

F

177

105

5

102

Value of fl
13.33

Weight (oz.)2

6.23

Body Length (mm. )

4.76

Tail (mm.)

1,69

Ear (mm.)

-*-t#o5 = 0.96; infinite D.F.
^Weights of pregnant females were not included.
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5.26

Hind Foot (mm.)

Ill

Figure 13.

Monthly fluctuations in the mean weights of adult
white-tailed jack rabbits (_+ 1 S.D.).
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decreased and dropped below the annual mean for the first
month since the previous August.

It is possible that these

weight changes may be a reflection of the onset of breeding
activities.

The weight gain in females may be the result of

increased food consumption or increased size of the reproduc
tive tract and mammary tissue.

Males may lose weight as a

result of the stress of the breeding season.
Average hind foot and ear growth from birth to 80 days
is shown in figure 14.

Growth curves were constructed by

hand-fitting a line to the data obtained from 24 hand raised
known-age hares.

Assuming that maturity was reached when the

hind foot and ear measurement approached the mean lengths for
adults, these curves indicate that minimal age would be
reached at approximately 115-125 and 95-105 days respectively.
These data suggested that the growth of the ear and hind foot
in North Dakota may be similar to those reported for the
white-tailed jack rabbit in Colorado by Bear and Hansen (1966).
The average weight gain from birth to 80 days is shown
in Figure 15.

The growth curve was hand-fitted through the

daily mean weight data obtained from known-age hares.

This

weight gain appeared to be slightly less than that previously
reported for the white-tailed jack rabbit (Bear and Hansen,
1966) .
The mean monthly weights of juvenile animals was found
to rapidly approach that of adults in August and September

L E N G T H (mm.)
Figure 14

Average hind foot and ear growth of white-tailed jack rabbits from birth
to 80 days. Curve was hand-fitted to mean daily measurements.
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Figure 15.

Average increase in weight of the white-tailed
jack rabbit from birth to 80 days. Curve was
hand-fitted to mean daily weights.
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(Fig. 15).

The standard deviation in July and August was

quite large since the weights of sequential litters were
included in the monthly averages.

These observations indic

ated that weight may not be a valid criterion for separating
young-of-the-year from adult animals after August.
The examination of the proximal epiphysis of jack rabbit
humeri indicated that three distinct age classes, similar to
those previously reported by Lechleitner (1959) and Tiemeier
(1955), could be distinguished (Fig. 17).

The time of epi

physeal-closure was determined by examining the occurrence of
these age classes in the monthly collections (Table 16.)

Age

Class I animals first appeared in May collections, and were
taken through December.

Age Class II animals were collected

in all months except September and October, while Age Class
III hares were taken year around.

The absence of Age Class

II animals in September and October indicated that the epiphy
seal plate which identified these animals in previous months
was completely ossified and these animals had then become
Age Class III.

The occurrence of Age Class II animals in the

November and December collections therefore indicated youngof-the-year which were, in previous months, Age Class I.

These

observations indicated that Age Class I animals became Age
Class II animals at approximately six or seven months, and
Age Class II became Age Class III at approximately 13 to
14 months.

14 0 -i
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Figure 16.

Monthly increase in the mean weights of juvenile white-tailed jack
rabbits (+ 1 S.D.).

P R O X IM A L E P IP H Y S IS O F HUMERUS
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Figure 17.

Epiphyseal closure at proximal end of humerus.

Table 16.

Monthly occurrence of the age classes in collections.

Humeral
1

2

3

4

5

6

7

8

9

10

11

12

I

0

0

0

0

+

+

+

+

+

+

+

+

II

+

+

+

-f

+

+

+

+

0

0

+

+

III

+

+

+

+

+

+

+

+

+

+

+

+
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Age Class
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The notch-to-notch length of the humerus was found to
be an inadequate age criterion (Fig. 18).

The length of the

humerus is highly variable among individuals and appears to
have little bearing on age, except in extremely young animals.
The distal epiphysis of the humerus and an atavistic
epiphysis between the greater and lesser tuberculae of the
humerus were found to be open in very young juvenile hares.
The atavistic epiphysis

closed when the humerus was between

75-80 mm in length, and the distal epiphysis closed sometime
before the humerus was 90 mm long.

Animals in which these

epiphyses were open were aged on the basis of lens weight,
in order to determine when these epiphyses closed.

It appeared

that these epiphyses closed sometime between 80-90 days, with
the atavistic epiphysis closing before the distal epiphysis.
The dry weights of the lenses from known-age animals
ranged from 23 mg at Day 1 to 200 mg at Day 207 (Fig. 19).
Tiemeier (1965) estimated that the average daily weight gain
in the lens of the black-tailed jack rabbit was 1.104 mg for
the first 120 days of life.

The lens-weight curve for the

white-tailed jack rabbit indicated that this value would be
1.200 mg for the same period.

The comparison of the linear

regression equation of lens growth in the two species (Fig. 20),
and the close agreement of the estimated growth rates, sug
gested that lens growth in the white-tailed and black-tailed
jack rabbit may be quite similar, particularly during the

120

Figure 18.

Comparison of the means and range of lengths of
the humeri in the three age classes of white-tailed
jack rabbits.

Figure 19.
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L E N S W EIG H T (mg.)

2 0 0

Lens weight growth curve for the white-tailed jack rabbit from birth to
207 days. Curve was hand-fitted to mean lens weights obtained from
known-age young.

122

200

10 0

LOG.

L E N S W E I G H T (m g .)

15 0

50

Figure 20.

Linear regression equations for lens growth in the
white-tailed jack rabbit (1) and the black-tailed
jack rabbit! (2).

1-Ti aeier (1965).
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early phase of growth.
The comparison of the dry weights of 799 jack rabbit
lenses with the epiphyseal age classes (Fig. 21) indicated
that the lenses of Age Class I animals weigh less than 225 mg,
those of Age Class II less than 295 mg, and Age Class III
animals up to a maximum of 400 mg.

The lens weights of Age

Class I and II overlap only during the months of November
and December;

Age Class II overlaps with Age Class III only

during the months of March through July.

However, this over

lap was not extreme and never exceeded more than 25 mg.
A summary of the developmental characteristics of the
white-tailed jack rabbit is presented in Table 17.

These

characteristics are estimates based on the limited growth
data obtained during this study.

450-1
400-
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Month of y e a r
Figure 21.

Comparison of the distribution of lens weights with the degree of epiphyseal
closure of the humeri. Symbols indicate the range and relative distribution of
lens weights within each age class by months, and the lens weights overlap
between age classes. The time and degree of epiphyseal closure is indicated where
one age class overlaps with and grades into another.

Table 17.

Estimated developmental characteristics of the white-tailed jack rabbit.

Epiphyseal Age
Class

II
(proximal
epiphysis
closed; line
visible)
Ill
(no trace of
epiphyseal line)

Lens
Weight
(mg.)

Weight
(oz.)

0-1

25-60

4-10

1-2

60-90

2-3

90-120

3-4

120-145

4-5

145-170

5-6

170-195

-

6-7

195-220

-

7-10

220-260

10-14

260-295

Hind Foot
(mm.)

Ear
(mm.)

Special
Characteristics

Distal and atavistic
epiphysis open

40-70

20-50

10-25

70-100

50-70

ii

ii

25-40

100-120

70-90

ii

n

-

120-145

90-110

Adult
size

Adult
size

II

II

Distal and atavistic
epiphysis closed
li

II

ii

it

ii

it

li

II

Females: uterus is
smooth; no linear
striations.
Females: uterus is
smooth; (non-preg
nant) .

14-20_____ 295-325
2C-3Q______ 325-350
30-48

350-400

Males: scrotum dark
blue to black
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I
(proximal
epiphysis
open)

Estimated
Age
(months)

1 26

Summer activity
North Dakota jack rabbits were observed to spend most of
the daylight hours resting in forms, similar to those described
for the black-tailed jack rabbit in Kansas by West, et al.,
(1961).

The examination of 50 to 60 forms in southwestern

North Dakota suggested that they were most often constructed
under silver sagebrush, and were usually on the north side of
vegetation.

Forms were found to be 350 to 400 mm long, 150-

200 mm wide, and seldom more than 40 mm deep.

Generally they

were not found under vegetation less than 400 mm in height or
with a crown diameter of less than 600 mm.
were found on Study Area A;

Two grassy forms

both located in depressions about

150 mm in depth and shaded by various grasses and fringed
sagebrush.

These depressions appeared to have resulted from

badger activity.
Jack rabbits were occasiona.l ly observed sitting on the
earthen mounds of abandoned badger holes.

They appeared to

be using these mounds for dusting and observation purposes,
but were never seen to enter the holes during periods of
undisturbed observation.

The dirt at the entrances of several

holes was smoothed or dusted with flour, and later checked for
signs of jack rabbit entrance.

No tracks were found which

indicated that jack rabbits were entering or leaving these
holes.
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Under certain circumstances, jack rabbits were observed
to enter burrows constructed by other animals.

On April 17,

1964, three jack rabbits were observed to enter holes on a
pasture area in southwestern Bowman County when an airplane
approached them.

On July 22, .1964, a wounded adult male

fled into what appeared to be an old fox den, and had to be
dug out.

On July 31, 1964, a juvenile male trapped on Study

Area A ran directly to a hole when released.

It appeared that

this animal knew the exact location of this hole, since it
made no deviation from a straight course between the trap
site and the hole.

These observations indicated that jack

rabbits may use the holes of other animals when they are hard
pressed or injured.
Jack rabbits were observed to leave their forms and
start feeding between 1500 and 1600 hours.

Activity increased

with the reduction of light, and usually peaked between
and 0100 hours.

2200

The cessation of most activity by 0300 to

0400 hours suggested that jack rabbits terminated feeding and
returned to their forms before sunrise.

Observations on the

intensity of activity and weather conditions indicated that
high winds and possibly a falling barometer may have a damp
ening effect on the activity patterns of jack rabbits.
Efforts to investigate summer movement and home range
using visual ear tags and radio telemetry techniques met with
limited success.

Low populations were considered to be
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contributory factors governing this lack of success.

Sig

nificant information on summer activities was not obtained
from ear tagged animals;

however, data from three radio-

tracked jack rabbits may be indicative of such activities.
The movements of animals 829 and 846 are shown in Figure
22.

Animal 829, a pregnant adult female, was trapped and'

released on Study Area A on July 9, 1965.

Upon release this

animal moved to the southeastern corner of the pasture in
Sec. 11, and then proceeded north along the fenceline.

Un

fortunately, the radio harness applied to 829 was not properly
fitted, and she was found entangled in the harness and dead
along this fenceline on July 10, 1965.
Animal 846, also an adult female, was trapped and released
on Study Area A on August 7, 1965.

This animal moved into

an alfalfa field in the southwestern corner of Sec. 11 and
remained there throughout that day.

Shortly after release,

the radio signal from 846 deteriorated, and the animal was not
located again until August 12.

Within the intervening five

days 846 had moved three-fourths of a mile to the east of its
last, August 7, location, and was found in a wheat field
(Fig. 22).

The animal flushed from its hiding place and moved

north through the wheat and summer fallow, crossed under the
fenceline into the pasture, and moved into the drainage
system which passed through Section 11.

At this point the

radio transmitter failed and signals ceased.
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Figure 22.

Known movements of two radio-equipped white
tailed jack rabbits on Study Area A during
the summer of 1965.
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Animal 826, a juvenile male, was tracked on Study Area A
daily from July 18 to August 1, 1965 (Fig. 22), when he dis
appeared from the area normally traveled.

The remains of this

animal were located August 14, 1965 approximately one-half
mile south of where it was last located on August 1, 1965.
This rabbit was apparently killed and eaten by a predator,
probably a fox, since fox scats were found near the remains.
The radio was still functioning, but the antenna was badly
bent, a fact which greatly impaired the range of the trans
mitter and made radio location difficult.

The predator

apparently had eaten the rabbit out of the harness, since the
harness and radio were intact.
During the 14 days this animal was tracked it confined
its activities to less than one-eighth section, or more
specifically 25.6 acres.

Most of its activity centered

around a number of forms in the center of the range (Fig.23).
The movement of this animal was observed to be much less
than the estimated section range of Animal 846.

The range

of Animal 826 was similar to that reported for the juvenile
black-tailed jack rabbit in Kansas (Tiemeier, 1965).
Extensive observations of jack rabbits with binoculars
indicate that these animals moved over a considerable area
during their normal daily activities.

Jack rabbits have been

observed to move as far as two miles without stopping to
browse or investigate objects.

These observations suggested
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Figure 23.

Summer movement of a juvenile male white-tailed
jack rabbit on Study Area A. Frequently used
forms (f) are indicated. The carcass of this
animal was found at X, the apparent result of
fox predation.
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that these animals were traveling to specific locations and
were probably in transit between resting and feeding areas.
Observations of movement indicated that jack rabbits in North
Dakota may range over an area of approximately one to two
square miles.

It is possible that the distance over which

these animals ranged was governed by the availability of
cover and food.

If cover and feeding areas were separated by

a considerable distance, the animals may range over a greater
area than if both were available in close proximity.
Jack rabbits were often observed to congregate in the
late afternoon during the breeding season.

While pairs of

jack rabbits were often seen, larger groups of from three
to six were more conspicuous.

Several such groups were

collected and found to always have a preponderance of males.
A group of three collected June 4, 1964, in Sargent County
consisted of two males and one female, while three groups of
four taken in April and June, 1964, from Dickey, Sargent,
and Slope Counties, all contained three males and one female.
A group of five taken in April, 1964, from Slope County
consisted of three males and two females.

These groups were

apparently associated for breeding purposes.
While no extensive study was made of the food habits of
the white-tailed jack rabbit in the spring or summer, field
observation and the periodic examination of stomach contents
provided some information on the subject.

During the spring,
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jack rabbits were frequently seen feeding on young spring
wheat plants.

They appeared to prefer plants less than six

inches in height.

In April, 1964, as many as 12 animals at

a time were observed to be feeding nightly in a large fid '
of spring wheat in southwestern Bowman County.

This was

an

apparent case of animals congregating in a common feeding area.
During the summer, jack rabbits were observed feeding
on the seed heads of dandelion, goosefoot, and on various
grasses.

On

June 4, 1964, two jack rabbits were seen

feeding on young corn plants in central Slope County.
appeared to prefer the very young plants.

They

During June and

July, jack rabbits appeared to have a preference for alfalfa.
On June 23, 1964, four jack rabbits were observed feeding on
hayland in southwestern Bowman County.

These animals were

ignoring sweet clover and grasses and feeding only on alfalfa
preferring the blossoms and tender growth.
Winter activity
During the winter months, jack rabbits frequently aban
doned the habitat used during the summer seeking shelter in
brushy draws and shelter belts.

They constructed winter forms

by burrowing into snow drifts in these areas or along fence
lines.

These forms were assumed to provide the animals with

an additional measure of protection from the elements.

Captive

jack rabbits were observed to be very active "diggers" during
the winter months, and to construct rather complex "warrens"
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in a large snow drift which had developed in the holding
pens.
During the winter of 1964-1965, extreme weather conditions
appeared to promote the concentration of large numbers of jack
rabbits in certain sheltered areas.

Four such winter concen

tration areas were studied in Hettinger, Slope, and Bowrr ..i
Counties.

In all of these areas population levels were ex

tremely high, and it appeared that jack rabbits would have
had to mxgrate from a rather extensive area surrounding these
concentrations to produce such large populations.
The largest of these concentration areas included the
valley of the Cannonball River in Sec. 22-23, 25-27, 33-36,
T.130N., R.94W., just northwest of Mott, in Hettinger County
(Fig. 1).

The valley floor was occupied by an extensive

growth of cottonwood and shrubs, while the slopes were
covered by a dense growth of brush.

Apparently jack rabbits

first moved into this area in early November.

The number of

animals using this area was conservatively estimated to be
between 400 and 600.
A large number of jack rabbits were concentrated in a
1.5 to 2.0 acre wildlife tree planting in NWl/4, Sec. 4,
T.130N., R.100W., Bowman County (Fig. 1).

Apparently animals

began moving into this area in November, 1964, and remained
there in considerable numbers until sometime in late March.
This area received heavy use, with conservative estimates of
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population size ranging from 150 to 300 animals at the peak
of concentration.

Much of this tree planting was destroyed

by these animals.

Most of the young trees were completely

stripped of bark up as far as the hares could reach.

Obser

vations of animal movements indicated that the population

in

this area was not stable, and that animals would move in or
out of the area apparently in response to weather and food
availability.
In December, 1964, a small concentration developed on
Study Area A in a 0.5 acre tree planting (Fig. 24).
estimated 80 to

100

An

jack rabbits used this area throughout

the winter and early spring.

Another concentration of approx

imately 100 animals was located on Study Area B within the
steep brushy draw that ran through the western portion of the
area (Fig. 24).
Observations on one of the animals ear tagged during the
1964 trapping season suggested that animals may travel as
far as four or five miles to these areas (Fig. 24).

Animal

485-1Y, a juvenile male, was trapped, tagged and released
on Study Area A on July 19, 1964.

It was retrapped twice

near the point of release during the summer of 1964.

Sub

sequently, it was seen four miles northeast of its initial
trap site, on Study Area B, on August 2, and August 12, 1965.
The ear tag was still in place and readable after a year's
time.
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R.101W.

Figure 24.

R .1 0 0 W

Known migration of a male white-tailed jack
rabbit. 1964-1965 winter concentration areas
are indicated (A and B ) . Solid symbol indicates
site of initial capture. Arrows indicate the
possible route followed by this animal in moving
from Section 11 to Section 24.
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Animal 485-1Y apparently moved into the winter concen
tration area in Study Area B sometime during the winter of
1964 and remained there the following spring rather than
returning to Study Area B.

The route this animal probably

followed is shown in Figure 24.

It is very likely that this

animal moved up the drainage basin, crossed another basin in
Section 36, and into the drainage system that passes through
Study Area B.
Not all animals moved into these concentration areas
during the winter, and many animals were observed occupying
habitat similar to that occupied during the summer.

Many

jack rabbits were also observed to invade hay stacks and
feed lots, apparently in search of food.

Frequently jack

rabbits were observed moving through strips of summer fallow.
The stomachs of these animals were often full of wheat seeds,
indicating that "lost grain" may be an important winter food
in addition to twigs and bark.
Population characteristics
All age groups of jack rabbits contained a preponderance
of females (Table 18), but sample sizes for each age group
were not large enough to indicate a significant (p = 0.05)
deviation from a 50:50 sex ratio.

However, when all age

groups were considered, the sample size was sufficiently
large to indicate a significant deviation from the 50:50 sex
ratio.

In order to determine whether the sampling procedure

Table 18.

Sex ratios of the white-tailed jack rabbit in North Dakota during
1964-1965.
Per Cent Females

Chi2

Males

Females

Per Cent Males

Prenatal

38

57

40.00

60.00

1.900

Age Class I

111

125

47.03

52.97

0.830

Age Class II

144

160

47.79

52.79

0.842

Age Class III

134

162

45.27

54.73

1.324

Sub-total
I + II + III

389

447

46.53

53.47

4.022

Grand Total

427

494

45.86

54.14

4.840
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Age Group
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was

biased in favor of females, the sex ratio of randomly-

obtained road-killed animals was examined.

Of 79 such animals

44.30 per cent were males and 55.70 per cent females.

These

data were in close agreement with percentages of each sex
within the total sample, and reinforced the hypothesis that
the sex ratio favors females.

These data were in apposition

to the reported 50:50 sex ratio for the white-tailed jack
rabbit in Iowa (Kline, 1963) and Colorado (Bear and Hansen,
1966), and for the black-tailed jack rabbit (Lechleitner, 1959;
Tiemeier, 1965).

However, considering the polygamous nature

of the white-tailed jack rabbit, a higher percentage of females
in the population may not be unusual.
The percentages of the three age classes collected from
the population each month, and the average monthly change in
population structure are shown in Table 19 and Figure 25
respectively.

Young-of-the-year first appeared in May collec

tions, and gradually increased to an average high, for the
two years of 76.87 per cent in September.

These animals

apparently were not vulnerable to sampling until they were
three to four weeks of age, which has placed a slight bias
on the percentage of young animals in the population during
the breeding season.

Age Class II ranged _from a high of

62.66 per cent in May to zero in September and October.

Age

Class III reached its maximum of 58.33 per cent in February
and then declined through the summer -to a low of 18.39 per cent
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Table 19.

Percentages of three age classes of white-tailed
jack rabbits taken in field collections, 1964-1965.

Year

Month

Number

1964

April
May

54
79

111
June
July
53
August
68
September 29
October
37
November 62
December 31
1964 Total
524
1965 January
16

Per Cent
Per Cent
Per Cent
Age Class I Age Class II Age Class III
57.41
66.23
44.14
32.08
17.64

0.00

19.35
45.16
35.82
43.75

42.59
24.67
40.54
26.41
13.24
37.93
35.13
43.55
51.61
33.72
56.25

0.00

9.10
15.32
41.32
69.12
62.07
64.86
37.10
3.23
30.46

0.00
0.00

February

36

0.00

41.67

58.33

March
April
May

46

0.00

43.48

56.52

41

0.00

22

June
July
August
September
October
November
December

26
38
34

9.09
11.54
42.11

56.10
59.09
61.54
28.95
14.71

43.90
31.82
26.92
28.95
23.53
8.34
45.45
23.08
23.53
38.46

1965 Total
Grand Total

12
11

13
17
312
836

61.76
91.66
54.55
69.23
52.94
24.68
28.30

0.00
0.00

7.69
23.53
36.86
36.21

35.49

Per Cent

8 0 —1
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Figure 25.

Average monthly per cent of three age classes of white-tailed jack
rabbits in North Dakota, 1964-15"5.
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in August as older individuals were lost from the population.
Since Age Class II animals were considered to be less than
13 to 14 months old, the percentage of animals less than one
year of age could be estimated by the summation of the per
cent of Age Classes I and II.

The composition of the 1964

and 1965 populations were approximately 66.28 and 61.54 per
cent young-of-the-year respectively;

the two year average

was 64.51 per cent.
Assuming a stable population, the life span of the
white-tailed jack rabbit could be estimated according to
Petrides1 (1951) formula;

where L = average life span of jack rabbits that
survive on year, and
J = the percentage of young (Age Class I +
Age Class II) in the population.
The calculated life spans in 1964 and 1965 were 1.51 and 1.62
years respectively, with the average life span of 1.55 years
for the term of the study.
Petrides (1951) also presented the following formula
for estimating the population turnover from the percentages
of age classes present with in the population:
T =

Log 0.005
Log (1-j)

1-

where T = the number of years required for the young
produced during a certain year to be
reduced to 0.5 per cent of their original
numbers.

143

Using this formula, the number of years necessary for the
population to turn over was estimated to be 3.43 and 3.34
for 1964 and 1965 respectively, with an average turnover rate
of 3.40.
An index of juvenile mortality was computed following
a method proposed by Tiemeier (1965), in which the adult
female-to-juvenile ratios after reproduction had ceased was
compared to the total young expected if no mortality had
occurred (Table 20).

Assuming an annual average production

of approximately 14.6 young per female per year, and the number
of juveniles and adult females collected in September and
October, an index of the percentage of juveniles alive at
the beginning of the critical winter period may be obtained.
Juvenile mortality was estimated to be 80.73 and 43.33 per
cent in 1964 and 1965 respectively, and 76.21 per cent for
the term of the study.
A modified life table for this species is presented
in Table 21.

Since sufficient age data was unavailable,

this table was constructed to indicate the probabilities
of animals living long enough to attain a certain lens weight
rather than a certain age.

Survivorship, mortality, and

death rate curves are shown in Figure 26.

These parameters

may not be realistic for several reasons;

however, they may

provide some value as indices.

One serious flaw in construction

Table 20.

Year

Estimated juvenile white-tailed jack rabbit mortality at the end of the
breeding season and prior to the critical winter period, during 1964-1965.
Adult
Females

Young

Total Young
Expected

Loss

Per Cent
Loss

1964

15

42

218

176

80.73

1965

2

17

30

13

43.33

17

59

248

189

76.21

Total

j44

Table 21.

Modified life table for the white-tailed jack rabbit in North Dakota.

Lens Weight
Range
(mg.)

Age
class

Number dead
in age class

(x)

(d'x)

Survivors
at start
of age class
(lxs)

Deaths
per 1 0 0 0

Mortality
per 1 0 0 0

(lx)

(dx)

(qx)

Survivors
per 1 0 0 0

1

12

799

1000

15.0

1.5

72.5-122.5

2

68

787

985

85.1

86.2

122.5-172.5

3

90

719

899.9

112.6

125.1

172.5-222.5

4

110

629

787.3

137.7

174.7

222.5-272.5

5

237

519

649.6

296.6

455.0

272.5-322.5

6

218

282

353

272.8

772.5

322.5-372.5

7

61

64

80.2

76.3

951.2

372.5-422.5

8

3

3

3.9

3.9

1000.0

422.5-472.5

9

0

0

0

0

0.0
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22.5-72.5
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Figure 26.

Death rate (dx), survivorship (lx), and mortality (qx) curves as
estimated for the white-tailed jack rabbit in North Dakota.
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of such tables and curves, lies in the sampling procedure.
The apparent invulnerability of animals less than one month
of age to the collection methods employed in this study does
not present a true measure of juvenile mortality.

A second

characteristic flaw in the estimation of these parameters lies
in the lack of uniform age intervals.

While the lens weight

intervals used in the construction of the table are uniform,
the growth rate of the lens is logistic.
When the age structure of the population, life span,
replacement, juvenile mortality, and the annual production of
young are considered, a generalized impression of population
dynamics emerged.

The North Dakota jack rabbit population

appeared to be the result of the interaction of extremes.
Although the annual production of young was very high, it
was counterbalanced by an equally high juvenile mortality.
These factors accounted for a rapidly turning over population
in. which 60 to 70 per cent of the individuals were under one
year of age.
The examination of mail-carrier census data obtained
by the North Dakota Game and Fish Department since 1955,
indicated that is apparently has been as reliable an index
of statewide populations as any yet devised.

While various

additional census methods were examined for use in management
programs, none were found to be applicable to the low density
white-tailed jack rabbit populations in North Dakota.

Pellet

148

count indices made in rabbit holding nens were found to be
highly variable,
of the wind.

apparently due to the redistributive action

In addition, this method was rejected because of

the varying rate of pellet decomposition.

The application of

a flushing type of census was also found to be unworkable.
Observations made on the flushing behavior of radio-equipped
animals indicated that many animals freeze in their forms and
are passed by during such censuses;

hares may not flush at

all, until nearly stepped upon.
Since reliable data were not obtained concerning
population density, only an intuitive estimate could be
made.

Based on trapping success, and the collection and

observation of jack rabbits during the term of the study,
population density in the southwestern study area appeared
to range from

8

to 12 animals per section in 1964 and

approximately 4 to

8

animals per section in 1965.
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Prenatal developmental criteria for the white-tailed jack
rabbit, adapted from the development of the varying hare
by Bookhout (1964).
10 Days:

Young opaque; neither eyespots nor limb buds
are discernible; torsion and flexion exhibited.

11 Days:

Faint eyespot present; no external ear opening
present; tail free and pointed; torsion still
present and especially noticeable in the tail.

12.5 Days:

Eye easily recognizable as thin brown circle,
transparent in the center; young are opaque.

13.5 Days:

Eyespot appears to contain pigment; its color
is decidedly different from remainder of body;
front limb buds are easily recognized; no
external ear opening visible;

body somites are

distinct; torsion still present in the tail.
16 Days:

Digits are not apparent; external ear openings
and pinnae are present; oral openings evident,
but external nares cannot be discerned;

the

follicles representing the supraorbital and
mystacial vibrissae have developed.
17 Days:

Digits are discernible on both fore and hind
feet; hair follicles in the nasal region appear
to lie in five parallel rows from the oral opening
to the eyespot; color more fiesh-like.

20.5 Days:

Four hair follicles above eyespot; feet of hind
limbs distinct; pinnae stand out from the head
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slightly; external nares are plainly di-scernible;
cranial crest prominent.
23 Days:

Soft nails are discernible on the digits;

cran

ium has assumed a rounded aspect following the
almost complete disappearance of the prominent
crest of 20.5 days; determination of sex by
external genitalia possible.
25 Days:

General increase in size; presence of inter
scapular fat deposition; small blackish pinpoint
hair follicles, on top of head anterior to the
nape of neck.

27 Days:

Pigmentation has extended over the head, back,
and lateral regions; very short vibrissae are
evident on either side of the nostrils; nails
have become whitish, distinctly different in
color from the feet.

28 Days:

Few scattered body hairs have erupted from their
follicles, especially on the sides of the body;
all supraorbital and mystacial vibrissae have
erupted; nails are beginning to assume curved
aspect; teats are now quite distinct.

30 Days:

Very light covering of hair over virtually entire
body; only sparse white hair on underside; dorsal
surface of body distinct blue-gray cast; eyelids
cannot be separated.
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32 Days:

Distinct bluish cast; greater amount of hair;
eyelids can be separated with little difficulty;
tops of toes are naked.

33 Days:

Increase in the length and density of the pelage;
distinctly furred appearance rather than the
bluish color of 32 days; both tops of toes and
bottoms of feet are naked.

34 Days:

Pelage has assumed a denser appearance over that
of 33 days; body is brown; white spot on the
forehead is quite visible; the inner ear tips
are naked; tops of toes are naked to very sparsely
haired.

35 Days:

Underside is pinkish because of sparse pelage;
inner ear tips have scant auburn to brown hairs;
tops of toes are sparsely furred.

37.5 Days:

Well developed pelage of long dark hair; inner
ear tips are sparsely furred; bottoms of both
front and hind feet are lightly furred.

38.5 Days:

Shaggy in appearance because of the long dense
pelage; underside distinctly white; inner tips of
ears are well furred, tops of toes are heavily
furred.
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